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TO BARNEY 



PKEFACE 

The purpose of this volume is to present summaries of researches which have 
been in progress for man}- years in my laboratory and chnic in Cleveland 
and for two years in France during the war, and to formulate a correlative 
interpretation. 

~Sly grateful appreciation is due to H. M. Hanna, Esq., and to JMr's. Lee 
3IcBride for their generous interest in our research, as expressed by their 
support of the laborator}- in Cleveland during my absence in France ; to Dr. 
W. E. Lower for his unfailuig interest and encouragement ; and to GJrace 
I\IcB. Crile and Amy F. Rowland, whose untiring efforts made the continua- 
tion of the research in Cleveland possible during my aljsence in France. 

The jireparation of this publication \'s-as made amidst the stress of other 
work in France and at home, the demands of \\diicli have been imperative. 
Adequate reference to the work of others lias, therefore, been impossible. 
Lideed, an adequate survey of tlie enormous literature in manj- languages 
which has been promulgated h\ the ^rorkers in the various fields with which 
our studv has been concerned would be a large research in itself. 



GEORGE W. CRILE. 



Cleveland, Ohio, U.S.A. 
December 1920. 
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INTRODUCTION 



Exhaustion may be produced by want of food or drink or oxygen ; by 
exposure to cold or wet ; bj' want of sleep ; by a period of excessive muscular 
or mental work ; by a prolonged emotional strain — worry or anxiety ; by 
defence against chronic infection and by failure to eliminate waste products. 
Low blood -pressure and subnormal temperature are not marked features of 
exhaustion. 

SJwck. on the other hand, is commonly caused by a more abrupt over- 
whelming stimidus — physical injury, intense emotion, acute infection, ana- 
phylaxis, etc. In shock, the brain is more rapidly impaired ; the jjower of 
the braui-cells to transform potential into kinetic energy is more suddenly 
broken ; consecpiently the organism cannot perform its normal work — and 
metabolism collapses ; the temperature is subnormal ; there is general prostra- 
tion. 

In war the exhaustion of the soldier is greater in cold and rainy than 
in warm and dry weather ; it is increased by bombmg and sheUing and 
gassing, by raiding and attacking and defending — day and night — through 
long stretches without relief. Exhaustion is greater when the soldier is 
compelled to live for days — even weeks — among the fragmented and the 
unburied dead. It is greater when the daily deficit of sleep is so great as to 
produce continuous, dull, semi-consciousness ; it is greater when food is secured 
by scavengering and thirst is slaked with polluted water ; it is greater when 
there is deep, heavy mud. Under such conditions a whole army becomes 
emaciated, sallow and weak, and many soldiers die in their tracks, die without 
wounds, die -without disease — they die from exhaustion. 

In troops thus exhausted slight injuries, slight infections, shght ojierations 
may cause death. Among the causes of a high mortahty in troops which have 
been subjected to these conditions, the wounds may be the least important, 
for such soldiers may be said to be in exhaustion or in shock before the wound 
is received. 

Every normal individual has within himself large factors of safety. If 
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2 A PHYSICAL INTERPRETATION OF SHOCK 

much of the normal margin of safety is consimied before injury, tlien so much 
the more readily does the wound produce what is called shock. On the contrary, 
a soldier wounded soon after his arrival at the front, while he is still fresh, 
may show no immediate ' shock ' — for shock appears only after the factors 
of safety have been consumed ; just as the Marathon runner is not exhausted 
at the beginning, but at the end of the race. Tens and hundreds of thousands 
of troops en bloc may be in a state of chronic exhaustion or in a chronic state 
which predisposes to ' shock.' It may take a serious wound and the lapse of 
hours to reduce a fresh soldier to the ' shock ' level of the battle -exhausted 
soldier without a -wound. There is probably no ultimate difference between 
the exhaustion produced by the privation and stress of war and that produced 
by the bodily mjuries of war — no ultimate difference between the bloodless, 
intangible causes of exhaustion and the bloody, tangible causes of shock. 

Therefore, our premises in studying ' fatigue,' ' shock,' and ' exhaustion ' 
are identical. These states have interchangeable values ; thej;- rest on some 
common biologic prhiciple. When the mechanism of ' fatigue ' and ' exhaus- 
tion ' is understood, the mechanism of ' shock ' will be understood. 

As we have stated above, the term ' shock ' is used to denote a state of 
exhaustion which has been rajndly developed by psj'chic, traumatic, toxic, or 
thermal stimuh. If, in the confusion of a battle, a soldier with a crushed 
toe limps in an imperative retreat for several da3''s in pain and distress, in cold 
and mud, without food or drink or sleep, and is finally found prostrated, 
pulseless, semi-conscious, clammy, dying — is he in ' shock ' or in ' exhaustion,' 
or both ? What caused the condition ? Was it the injury of the toe ; the 
stress of events ; or both ? Who can separate one of the causative factors 
from the rest ? 

If we disregard the presence or the absence of injury, can even a complete 
autopsy or the most comprehensive microscopic and chnical study isolate the 
determuiing cause of death in battle ? Can such a study determine whether 
death is the result of exposure, of cold, of fear, of worry, of loss of sleep, of 
struggle in mud, of injurj', or of the combination of all '? Neither in the 
living nor in the dead is there apparent any gross or any microscopic evidence 
that can distinguish the effects of one of these causative factors from the effects 
of the rest. 

Even if there were such distinguishing features, they could rarely be dis- 
sociated — they could not be considered separately — since ahnost no case of 
exhaustion exists that is not the result of the combination of several factors. 

Li this study, therefore, we shall use the word ' exhaustion ' as an inclusive 
term in our attempt to indicate certain limitations as well as certain values 
of existing chnical, exijerimental, and theoretical hypotheses, and to suggest 
new lines of attacking the problem. 
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The more recent researches reported in this volume logically follow those 
reported in the following volumes and partiallj' sununariscd here : Surgical 
Shock (1897), Surgery of the Respiratory System. (1899), Certain Problems Relating 
to Surgical Operations (1901), Blood-Pressure in Surgery (1903), Hemorrhage and 
Transfusion (1909), Phylogenetic Association in Relation to Certain Medical 
Prohlons — Ether Day Adilress (1910), Anemia and Resuscitation (1914), 
Anoci-Association (with Dr. W. E. Lower) (1915), Origin and Nature of the 
Emotions (1915), The Kinetic Drive (1916), and Man, an Adaptive Mechanism 
(1916). 

Durmg our researches, we were eontiiiuallj' confronted by the constant 
coexistence of certain clinical phenomena with certain histologic changes in 
the brain, the Hver, and the adrenals in exhaustion from various causes. 

We were unable to understand the relation of these phenomena to ex- 
haustion until it occurred to us to seek the explanation in the laws of biologic 
adaptation. This conception was presented in the Ether Day Adckess de- 
livered at the llassachusetts General Hospital in 1910. From that time to 
the present we have been guided in our studies bj' the principles of Biologic 
Adaptation. 

The Kinetic Theory of Shock which was evolved from these premises 
harmonised large groups of laboratory and clinical phenomena, and yielded the 
shockless operation through anoci-association. 

In our more recent laboratory researches and cluneal studies, we have 
subjected animals to every available cause of exhaustion, and in these and in 
normal animals we have made histologic studies of all the organs and tissues ; 
have made physiologic studies of the circulation, the respiration, the adrenals, 
and the thyroid ; have made chemical studies of the thjToid, the liver, the 
muscles, and the adrenals ; have measured the H-ion concentration of the 
blood, of the cere bro -spinal fluid, of the bile, and of the urine ; have estimated 
the reserve alkalinity of the blood ; have made observations on the electric 
conductivity of various organs and tissues ; and have made calorimetric 
studies . 

By the same methods we have studied the effects of various means of pro- 
tection and of restoration — of alkaUs, of morphin, of anesthetics, of sleep. 

Our findings in these studies have been related to the gross behaviour of 
animals in exhaustion from the same causes. 

In addition we have utilised also evidence which by some observers has 
been held in rather low esteem — the human phenomena presented in conditions 
identical with or allied to those induced in the animals studied in the laboratory. 



4 A PHYSICAL INTERPRETATION OF SHOCK 

Our confidence in the relative value of the evidence presented by animal 
and by human behaviour rests on the fundamental fact that in the organism 
numerous mechanisms have been evolved to respond specifically and with the 
most delicate accuracy to physical and physico-chemical influences. This 
fact explams the value of the so-called biologic tests, which in many instances 
are more delicately accurate than the artificial tests of the laboratory. Thus 
we have guinea-pig (biologic) tests for tuberculosis, for the standardisation of 
various toxins and antitoxins, for determining immunity ; for estimating and 
standardising the activitj' of adrenalin, pituitrin, secretin ; for standardising 
anesthetics and narcotics. Experimental biology, experimental pharmacology, 
experimental phj^siology are based on biologic tests. In addition to these 
specially formulated biologic tests, the human organism in its response to 
en%iionmental conditions constantly presents evidence of its infinite specific 
adaptations to pliysical and chemical energy. Tlie specificity of the receptive 
mecJianisms for light, for sound, for odours, for flavours ; the specific variations 
of the sense of touch ; the specific response of the respu'atory centre to changes 
in the H-ion concentration of the blood ; the specific action of the hormones, 
such as adrenalin — the accuracy and specificity of action of these mechanisms 
far exceed tlie accuracy of our artificial and clumsy laboratory substitutes. 
These biologic tests are as accurate for man as for the dog and guinea-pig, but 
the clinician is more familiar with the behaviour of men than he is with the 
behaviour of laboratory animals. Deductions from the data of the laboratory 
serve to point the way to the ultimate interpretation which must be determined 
by more secure deductions from the data of the clinic. In our researches, 
therefore, as far as possible, we have tested the validity of om- Jiypotheses 
and laboratory data by their application in the cliinc. 

As the evidence has accumulated, it has become increasingly difficult to 
maintain a neutral position. Realising tiie danger of this attitude of mind, 
we have repeated our experiments again and again with diflerent observers ; 
we have secured as much objective evidence as possible — photomicrographs, 
blood-pressure tracmgs, etc. ; we have made many negative experiments ; 
we have sought diverse som-ces of evidence ; the findings of the laboratorv 
worker have been tested in the clinic bj' other workers so that diversity of 
judgment might be assured ; and finally — and of greatest value — our earlier 
summaries and deductions have been pubhshed in various forms for the 
purpose of eliciting criticism — adverse criticism in particidar. The criticisms 
have been many and varied and of uiestimable value, for in many instances 
they have suggested new hues of investigation and they jiave tended alwaj's 
to speed the research. 

Since our later researches liave evolved from the work wliicJi has been 
reported in detail in the previous monographs, in order to present more fully 
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tlie criteria upon which we have constructed our hypotheses, we shall first give 
summaries of the earlier pubhcations, folio \\'ing these with data of our more 
recent researches, and shall discuss some of the theories proposed for the 
explanation of shock and exhaustion. We shall consider the mechanism 
involved in shock, exhaustion, and restoration, and shall state the principles 
in accordance M'ith which shockless operations may be performed. We shall 
attempt to apply phj'sical laws in a consideration of the mechanism which 
transforms potential energy mto kinetic energy ; and shall offer a physico- 
chemical interpretation of certain normal and disease processes. 



CHAPTER I 
PHENOMENA OF EXHAUSTION 

EXPERIMENTAL DATA 

I. Exhaustion and Shock-Producing Effects of Traumatism 
and of Certain Drugs as Evidenced by Circulatory and 
Respiratory Changes 

The following summaries of experimental findings reported in previous mono- 
graphs (see p. 3) suggest that shock obeys the laws of physics, and that the 
degree of shock is proportional to the intensity and number of injurious 
contacts multiphed by the excitability of the injured tissue ; tluis these 
summaries provide the surgeon with a basis from which to estimate the shock- 
producing value of different types of operation upon the various organs and 
tissues, and reveal the basis of the shockless operation. 

EFFECT OF TRAIBIA OF VARIOUS TISSUES AND ORGANS 
UNDER ETHER ANESTHESIA 

Effects of Trauma of Tissues 

Skin. — Cutting and tearing the skin as a rule caused a rise in blood-pressure ; 
in the exceptional cases, there was either no effect on the blood-pressure or a 
fall (Fig. 1). Late in the experiment, when the animal was exhaTisted, the rise 
ni blood -pressure appeared less promptly. Burning the skin m every instance 
caused a marked rise in the blood -pressure (Fig. 2). 

Traumatising tlie skin usually accelerated the respiration ; burning the skin 
caused a greater acceleration of tlie respiration, sometimes a hyperpnea. 

Lijury of the skin of the paws caused much greater circulatory and 
respiratory changes than like injury of the skin in other regions. C)ur ob- 
servations indicate that the richer the nerve, supply in a region, the more vill 
injury of that region contr>bute to the production of shock. 

Connective Tissue. — Mechanical or thermal injury of connective tissue 

fascia, tendons, ligaments, etc. — produced no appreciable effect. 
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Fig. 1. — Ertect on the Blood-Pressure of Cutting and Crushing the Skin. 
(Average of 22 Experiments.) 
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Fig. 2. — Effect on the Blood-Pressure of Burning the Skin. 
(Average of 58 Experiments.) 
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A PHYSICAL INTERPRETATION OF SHOCK 



Muscles. — The cutting or crushing of muscles caused changes in the respira- 
tion and m the circulation less marked than those which result from injuries 
of the skm ; in many experiments the blood-pressure fell. 

Bones. — Li some instances the rough separation of the periosteum from 
the bone caused effects similar to those produced by the trauma of skin and 
muscle. Li other cases, no such effect was produced. Sawing through bones, 
whose periosteuui iiad not been previously removed, sometimes was attended 
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Fif!. 3. — Effect on tlie Dlud.l-l'iessure 'if Crushing and Saivmi; Bone. 
(AvL-iat,'c uf 20 Experiments.) 

by a slight rise in blood-pressure and corresponding respirator}' changes 
(Fig. 3). But sawing, cutting, crushing, and breaking bones, whose ijeriosteum 
had previously been removed, was not, in any instance, attended by any 
alteration in either the blood -pressure or the respiration. This was true also 
of injuries to cartilage. 

Joints. — Cutting, sawing, curetting, or crushing the joints, per se produced 
no appreciable effect (Fig. 4). 

Nerve-Trunks. — When nerve-triniks were stretched, crushed, torn, contused, 
or cut with dull instruments there usually resulted a rise in blood -pressure 
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Fig. 4.— Effect on the Blood-Pressure of Opening and Operating on Joints. 
(Average of 10 Experiments.) 





1 


2 


-•^ 


^ ' 


5 


IS 


^ 


€ 


9 


iO 


il 




LsT 


kI" 


S ] 

L5 


it 


7 


1j3 


i9 


20 


212^! 


23 


24 


zJ 


4 


d 


28 


la\-iO 


1"^ 












































1 
















17 






























































II 




~ 


































































"" 


~~ 




























/ 
























9 








^ 


" 


~ 


^ 


"^ 
















/ 


~ 


~ 






\ 




















ft 














/ 


s 












y 














\ 


/ 


\ 
















■7 






~ 


















N 




/ 


















\ 




/ 


V 


I 


^ 






f. 








"~ 


" 






































\ 


/ 


^ 


r 




^ 


_ 


•; 










z 


















































4 








7 






















































•^ 






J 
























































? 






/ 




"~ 
















































__ 


_ 


1 


"7 










- 














































1 





^. 


/ 




1 


1 









































_ 


^_^ 


_^ 








£ 


-on 


^ 


td 


=H 










































_ 


_ 


__ 


_ 


, 

















































' 






















__ 


~ 






































_ 


_ 


_ 


_ 












~" 
















































_ 


_ 


__ 


_ 











~ 


















































_ 


_ 


_ 










~ 
















































_ 


_ 


_ 










^~~ 


~ 


"^ 














































_ 


_ 








— 






















































_ 


q 


— 


— 




— 


— 






"^ 






































_ 


_ 


__ 


_ 




















































_ 





_ 











1 1 








^ 












































_ 














1? 






— 




~ 


" 





















































P 








— 








'~ 














1 
















._ 


._ 


,_ 





-A- 









r 


" 


r 


\ 






















1 










1 












1 


\ 


' 


SI 



j-ir:. 5._Effect on the Blood-Pressure of Stretching Nerve-Trunks. 
(Average of 29 Experiments.) 
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followed by a fall occasional^ to the normal level, but more often lower (Fig. 5) ; 
sometimes it fell far below the normal level. Vaso-motor disturbances 
frequently became more prominent immediately after the injury of nerve-fibres, 
indicating disturbed metaboUsm of the vaso-motor centres. When the nerves 
were repeatedly injured, the mean blood -pressure, which fell somewhat after 
each experiment, suffered further depressions in proportion to the intensity 
and duration of each irritation. In some instances, especially after repeated 
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Fig. 6. — Effect on the Blond -Pressure uf Crushing and Cutting the Turbinated 
Bones, and Forcibly Dilating the Nares. (Average of 10 Experiments.) 



injury, the blood -pressiu'c did not rise, but fell immediately, the dechne bemg 
usually quite gradual and contmuous. Severing the nerves quickly with 
sharp scissors usually affected the blood-pressure comparatively little ; if it 
rose, the rise was but momentary ; if it fell, the dechne was immediate and 
usually without later return to normal. The total disturbance of the blood- 
pressure was decidedly less when the nerves were quickly severed with a sharp 
instrument, than when they were dragged upon, contused, torn, etc. Electric 
or thermal irritation of nerves caused blood-pressure changes very similar 
to, though more marked than, those caused bj^ mechanical irritation. 
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In every instance tlie total respiratory voliinio was much increased. But 
after the animal had become very weak, or after repeated irritation of a given nerve- 
trunk, there was sometimes a fall in the blood-pressure without any ^preliminary 
rise. 

Effect of Trax^ma of Regions and Organs 

Head. — Various forms of meclianical injury of the uares, including con- 
tusion, laceration, dilatation, and crushing of the turbinated bones, each caused 
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Fig. 7. — Effect on the Blood-Pressure of Severe Manipulation of the Posterior 
Nares. (Average of 10 Experiments.) 



a distinct rise in blood -pressure (Fig. 6). The respu'atory rate was diminished. 
Imitation of the forcible removal of a tumor from the posterior nares in some 
instances caused a partial inhibition of the respiration and of the heart 
(Fig. 7). 

Injury of the eye caused no notable change in the blood-pressure or the 
respiration (Fig. 8). 

Injury of the tongue slightly affected the blood -pressure and the respiration, 
but forcibly dragging the tongue out of the mouth caused partial inhibition 
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of the respiration and of the heart. This observation carries a learning to 
anesthetists. 

Even shght contacts with the under surface of the pharynx near the base of 
the epiglottis and the superior opening inliibited the respiration. More 
vigorous manipulation produced cardio -inhibitory effects also. Manipulathig 
the interior of the larynx caused a striking inhibition of botli tlie respiration 
and the cii-culation (Fig. 9). A prehminary hypodermic injection of atropin 
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Fig. 8. — Etfeot rm the Blnod-Pressui-e of Injury and Enucleation of the E}'e. 
(Average of 10 Experiments.) 



prevented tlie cardiac inhibition ; while the local ajjplication of cocain pro- 
tected both the respiration and the circulation against any effect of larj^ngeal 
irritation (Figs. 10 and 11). Lii<e protection was secured by division of the 
superior laryngeal nerves. 

Brain. — CJentle separation of tlic dura mater from tlie skull caused but 
httle if any disturbance of the respiration or tiie circulation. 

No amount of trauma — not even tlie gradual destruction and piecemeal 
removal of the hemispheres caused anj' changes in the blood-pressure or the 
respiration, provided that no prcssiu-e effects were transmitted to the base of 
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Fig. 0. — Ktfect on the Blood-Pressure of Manipubili'.m uf X\w Tyirytix. 
(Average of 10 Experiments.) 
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Fig. 10. — Effect on the Blood -Pressure — A, of Manipulation of the Larynx ; 
B, of Manipulation of the Larynx after the Use of Cocaiii. 
(Average of 10 Experiments.) 
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A PHYSICAL INTERPRETATION OF SHOCK 



the brain and that there was little or no hemorrliage. Licreased mtracranial 
pressure caused the blood-pressiu'e to rise. 

Gunshot wounds of tiie hemispheres in most uistances caused enormous 
sweejMng ' vagal ' heart-beats — though sometimes the circulation was ac- 
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Fic. 11.— Kffeot on the Bhioil -Pressure and Kespira- 
riuii ot" Intra-Larj^ngeal Manipulation Before and 
.\fter the Local Application of Cooain. 

A, respiration; B, central bluod-pressure ; G, pnital 
pressure ; //, heart ; C, signals. Note the complete 
arrest of respiration during intra-laryngeal manipulation 
as shown above the first signal on the left. The middle 
signal marks the local application of a four per cent, 
solution (jf nuiriate of cocain upon the laryngeal mucosa. 
Note slight inhiliition of heart and temporary arrest of 
the respiration. Signal at the right marks the appli- 
cation of severe intra-lai'yngeal manipulation and the 
application of cocain as above. Note the absence of 
changes in the tracing. 



celerated, while tlie respiration was instantly and in some cases permanently 
arrested. Injury of the medulla caused a momentary rise of the blood-pressure 
followed by a staggering fall to zero (Fig. 12). 

jVgcJt. — Excluding contact with (he vagi or with the sympathetic nerves, 
trauma of the deep tissues of tlie neck caused little disturbance of the circula- 
tion or respiration. 
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Thorax. — Lijiiries of the thoracic region — resection of the ribs, stab wounds, 
gunshot wounds, etc., in experiments in which the thoracic cavity was not 
opened, produced onty the effect of such injuries upon the tissues involved — 
skin, muscle, or bone. Opening the tliorax was attended by grave irregularity 
of the rate and rhythm of the respiration ; the blood-pressure underwent 
sweeping changes ; and the pulse-wave usually became short and irregular 
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Fig. 12. — Etfect on tlie Bldod-Pressuie of Crushing the Medulla, 
(Average of 10 Experiments.) 



(Fig. 13). In no other experiments were such exceedingly irregular effects 
on the blood-pressure and respiration produced as m intra-thoracic procedures. 
The pulse and respiration c^uickly improved after the chest had been closed 
air-tight. 

Field surgery in this war has amply confirmed these experimental observa- 
tions. Air-tight closure in particular has proved to be of value in the treatment 
of chest wounds. 

Heart. — The slightest direct contact with the heart caused marked changes 
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A PHYSICAL INTERPRETATION OF SHOCK 



(Fig. 14). Incising the pericardium ^jroduced but little effect. Puncturing 
the heart -nith a scalpel caused only the lapse of from one to several beats. A 
gunshot wound of the heart, which did not penetrate the chambers, caused only 

temporary arrhji:hmia . 

Lungs. — Mechanicalinjuryof the lungs produced by manipulation, contusion, 

staljbing, gunshot wounds, etc., on the whole seemed to have a greater effect 
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l'"ii:. I'A. — EllL-i-t cm the Blnod-l'ressuro and Kespiratiun 
of a Inirislint Wound of the Chest. 

A, ruspiration ; B. central pressure ; G, signals; />, seconds. At 
the third signal-mark the animal was shot. The ball fractured the 
ninth rib, passed throiit;h the fliaphragra, through tlie liver, twice 
tlirougli the duodenum, tlnuugli the ascending colon, and six times 
through the jejunum. 

upon the heart than upon the respiration, but it was very difficult to determine 
thi.s point. In some eases very marked 'vagal' heart -beats resulted from 
pinching tht' lungs with the fingers. Tlie a])]ili<ati(in of this oliservation in the 
operating theatre by the use of gentle and ]irecise manipulations has proved of 
great advantage. 

Large Bhjoil-Vcsvels. — Injury of the venous trunks caused marked changes 
in Ijlood-pressiue as a result of the mechanical mterference with the flo« of 
blood into the chambers of the heart. In fresh animals the lost equilibrium 
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was promptly restored, but this was not the case when the animals were 
exhausted before the cardiac equihbrium was disturbed. 

Diaphragm. — Every contact, however shght, with the abdommal side of 
the diaphragm caused markedly arrhythmic respiration. When the contact 
was extensive, every part of the respii'atory cTirve became irregular. 
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Fig. U — Effect on the I'.luod-Pressure of Contact 
with the Heart. 

The tracing in the centre of the cut represents the central 
blood-pressure. The stril^ing irregularities are due to contact 
with different portions of the heart as indicated on the cut. 
Note the sudden drop in blood-pressure on contact followed by 
a rapid rise on its cessation. Note ahso the longer strokes 
caused by contact with the base as compared with the eflfect of 
contact with the apex. 

Puncture of the diaphragm and gunshot wounds usually caused the im- 
mediate arrest of the respiration — sometimes permanent, or if temporary, 
there was a tendency to respiratory failure later in the experiment. 

The mere exposure of the chest to the air was shown to be progressively 
injurious. This fact raises the interestmg query : — With the action of what 
mechanism has mere exposure of the chest interfered and how has that 
interference reduced the vitality ? 

Abdomen — Peritoneum. — Incision of the peritoneum produced a fall in 
blood-pressure, but this was not always immediate (Figs. 15-17). \Vhen the 
abdominal contents in situ were exposed to the air, the blood -jjressure fell 

B 
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A PHYSICAL INTERPRETATION OF SHOCK 



gradually. Every contact, however slight, with either the parietal or the 
visceral peritoneum caused markedly arrhythmic respiratory action and a fall 
of blood-pressure (Fig. 18). Manipulation of the diaphragmatic ijeritoneum 
produced most marked respiratory changes ; and tolerance was not secured 






i»uxi.i^oytUe>M^ 



Fi.;. I.3. — Elit^ct CI, tin- ]>l....jr|- 
l*r'e.ssure and Respiration of 
Incising the Skin in Making 
an Abdominal Section. 

A, respiration; B, central 
blood -pressure ; E, peripheral 
venous pressure in femoral. Note 
the fall in the central pressuie 
after a temporary rise, and the 
rise i!i the peripheral venous 
pressure. 




Fk;. It.;. — Ktieot on 
the Blood - Pressure 
and Respiration of 
Incising the Skin of 
the Abdomen. 

Upper tracing re- 
pre.sents respiration, 
the middle the cen- 
tral blo(:>d - pressure. 
Note the respirator}' 
change and the de- 
cline in the blood- 
pressure. 



by continuing t\u: nlanipulation^^ uuk'ss tliey were confined to the same area. 
We secured abundant proof that continued peiitoneal excitation exliausts tlie 
respiratory mechanism. 

Manipulation of the peritoneum and its mereexposure caused rapid dilatation 
of the vessels of the mesentery and of the hollo\\' viscera. 'J'Ik- viscera became 
red at fii'st, and gradually livid after further exposure. The rapidity with 



Fi'"-- 1". — Eftect on the Blood-l'res.surL' and Respiration of Cuttinji Tlirou^'li 
the Abdominal Wall and Opening the Peritoneal Cavity. 

A. respiration; B, central blood-pressure; C, cutting through the abdom- 
inal wall. Note the fall on cutting tlie skin and on opening the abdominal 
cavity, also the respiratory alterations. The peritoneum was incised at the 
end of the signal, and daring the time marked by the signal tlie abdominal 
wall was being incised. 
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FlO. 18. — Effect on the Blood-Pressure of Manipulation of the Parietal 
Peritoneum. (Average of 10 Kxperiments. ) 
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whieli tJie lividity developed bore some relation to the respiratory as well as 
to tlie circulatory disturbance. The mesenteric veins became more prominent, 
especially the small venous radicles at the base of the intestines. With long 
exposure and great irritation even the transparent peritoneal spaces in the 
mesentery displayed vessels and sometimes became red. The arteries at first 
seemed larger and pulsated more distinctly ; but later, when the blood-pressure 
had become quite low and the intestines hvid, scarcely any pulsation was 
visible . 




^ t**«.<£i«> fr*^ 



j4 rt^t**"-*^ •WVM^. 






Fii:. I'.). — Kliect un tile Bluod-Pressure and Respiration of Manipulation of the Intestines 
after the Intra-thoracio Clamping of the Aorta. 

.-I, respiration; B. lilooil-pressiire : C, signal; I), seconds, .\orta clamped within the chest; severe 
manipulation of the intestines produced no effect upon the lilood-pressure, liut the respiration curve was 
irregular. 



With the development of these vascular changes the blood-pressure fell. 
The more severe the injury, the greater the extent of contact and exposure, 
the more rapid was the decluie of the blood-pressure. On the other hand, in 
exceptional cases extensive and continued manipulation for as long as twenty 
minutes, and in one case for half an hour, scarcely altered the blood-pressure. 
Li weak animals, or late in an experiment, the rate of dechne of the blood- 
pressure was increased. A water manometer in the splenic vein, with its 
cannula pointing toward the heart, showed a decided rise hi a number of 
observations during the development of shock from abdominal exposure and 
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injui;v. While the central blood-pressure was declining the portal pressure 
was rising, showing an increase of blood in the latter area. 

Li one series of experiments in which the arterial supply of tlie splanchnic 
area was clamped subperitoneally, before and during trauma, shock was 
delayed but not prevented (Fig. 10). Clani])ing the superior mesentery 
alone dimmished but did not prevent the usual rapidity of the development 
of splanchnic shock. 
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Fir;. 20. — Ert'ect on the Bloorl-1'i-essiire ami 

Respiration of Manipulaticjn of the 

Omentum. 

A, respiration ; B, central hlood-pressure ; C, 
signal; D, time in seconds. Note tlie slight 
rise in blood-pressure and the lack of any etl'ect 
upon the respiration in contrast to the fall of 
blood-pressure on manipulating the intestines. 
(Note : An error in the cut — substitute omentum 
for mes^.ntPry. ) 

The results of manipulation of the omentum were antithetic to those 
produced by manipulation of the peritoneum (Fig. 20). 

These observations lead to the folloMing practical applications in abdominal 
surgery : — (a) Surgical operations on the abdomen should be as brief as is 
consistent with good work ; Qj) manipulations should be as light and as few 
as possible ; (c) exposure should be as slight in extent and as brief as is con- 
sistent with the demands of the operation. 

Liver. — Manipulation of the liver caused no eifect Ix'yond that due to 
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hemorrhage and to the unavoidaljle manipulation of its covering peritoneum. 
The interior of the hver is as negative in its response to injury as are the pro- 
tected brain and the protected deep planes of tissue in the back and m the 
neck. This important fact may perhaps be explained by the phylogenetic 
importance of the liver. 

Jf//-e»«7.s.— Manipulation of the adrenals caused a rise in the blood-pressure, 
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ri<:. "-21. — Efl'tc-t on the Blood-Pressure of Manipulation of the Adrenal Clands. 
(Average of 10 Experiments. ) 



which may have been due to the mechanical forcing of adrenalin into the 
circulation (Fig. 21). 

S])leeii. — Excepting the response due to injury of its coveruig peritoneum, 
no special results of manipulation of the spleen -were noted. 

Urinary Bhidder. — (Jutting, compressing, over-distending, or utherAvise 
injuring the bladder caused a rise in blood-pressure in a few instances, but in 
many of the exjoeriments no eiTect was noted. 

Uterus. — Licision, contusion, manipulation or any other mechanical 
injury of the uterus in every instance caused the Ijlood-pressurc to rise. The 
rise appeared rather slowly, but in many instances was marked. S(.>metimes 
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the blood-pressure graduallj' declined to its former level, but, for some time at 
least, it tended to remain at tlie level to which it had risen (Fig. 22). 

Male Genital Organs. — Injury of the testicles, of the spermatic cord, of the 
tunica vaginalis or even of the skm of the scrotum in most instances caused a 
fall in the central blood -pressure, the fall appearing after a brief interval (Fig. 
23). While the central pressure was falling the portal pressure was usually 
rising as markedly. This observation suggests that splanchnic dilatation M'as 
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Fig, '22. — Effect on the Bluud-Pi-essiire of Manipulation of tlie Uterus. 
(Aveffif^e of 14 Experiments.) 

the cause of the fall m the central pressure. The blood -pressure usually 
returned to its former level. The injection of cocain into the testicle, into 
the tunica vaginalis, or into the spermatic cord, prevented the fall in the 
central blood -pressure and the rise in portal pressure ; it also prevented 
respiratory alterations (Fig. 24, compare with Fig. 23). 

Rectum and Amis. — Forcible dilatation of the rectum and of the anus caused 
usually a rise, but sometimes a fall, in the blood-pressure and an increase in the 
frequency and depth of the respiration (Figs. 25 and 26). These changes were 
prevented by prehminary infiltration of the anal area witli a local anesthetic. 
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FlO. 23. — Efleot on the Blood-Pressure of Manipulating and Crushing the Testicle. 
Many of the Experiments Exhibited a Sudden and Profound Fall, not Repre- 
sented in the A\er;ige. (A\'erage of 41 Exjierinieiits. ) 
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Fig. 24. — Effect on the ]>lo<«M'ressuie nf Crushing tlie Testicle after Injecting 
Cocain into the Cord. (Average of 10 J'lxperinients. ) 



PHENOMENA OF EXHAUSTION 25 

Extremities. — Lijury of the extremities — cutting, eriishing, fracturing, 
burning, or amputating (without loss of blood) — was usually attended by a 
preliminary rise in blood-pressure, followed by a fall to a lower level than 
before the injury (Fig. 27). The respiration was much altered in rhythm and 
was temporarily increased in frequency. Traction on the nerve-trunks, in 
particular, markedly affected both the respiration and the circulation. The 
residtant shock in these experinuvits tnade without the loss of blood %vas in direct 
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jTl,-; 25 —EflVpt nil till- Bl.iud-l'i'essiire uf Forcible Dilatation of the Anus. 
(Average of 11 Experiments. ) 

j/rofortion to the amount of excitable tissue injured mid to the jyrotraction of the 
manipulation. Lijury of the paws was more productive of shock than injury 
of any other superficial part of the extremities. These experiments supply 
sufficient evidence that the shock produced by injury is in direct proportion 
to the nerve supply of the part injured. 

In contrast to the above observations is the fact that no amount of burning, 
cutting, or crushing caused any notable change in the circulation or the respii-a- 
tion provided the central nervous system had been previously disconnected 
from the injured area by the blocking of the nerve supply with a local anesthetic 
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(Fig. 28). This fact supplied the fuBdamental principle of the shockless 
operation. 

EFFECT OF CERTAIN DPvUGS 

Strychnin and Adrenalin 

Strycluiin causes a higher rise in blood-pressure than any other drug 
except adrenalin (Fig. 29). Either strychnin or adrcnaUn may double the 
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Fi.^ -26. — Eli\-c-t (111 tlif lUiHiil-Pres- 
SLire and Rt-spiratiuii of I>ilatatiun 
of the Rectum. 

A, respiratoi-y curve : li. lilood- 
pressure curve. The elicit upun the 
blood-pressure was but teinpoiary. 

blood-pressure, but tlie.se two drugs owe their great blood-pressure raising 
power to opposite intermediate eli'ects : — stryclmiii stimulates the central vaso- 
motor mechanism ; adrenalhi stnnulates the musculature of the heart and the 
blood-vessels. 

Tliis being the case, then, if the vaso-motor mechanism is exhausted in 
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shock, the effect of strychnin would i^rogressively dimmish as the degree of 
shock increases. On the other hand, if the muscles of the blood-vessels are 
normal in shock, and the vaso-motor centres are exhausted, adrenalin would 
still cause a large rise in blood -pressure. 

The following are the results of our experiments to determme this point : — 

Li curariscd but otherwise normal animals, and in animals in which both 

vagi and both accclerantes had been severed, the rise following a physiologic 
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Fig. 2«. — EHi-ct im tht- tUrinil-fressuvi- — A. of P.uiniiii; F.n.t as Control 
Pj.xperiiufnt ; B, of Burning Oppo.site Foot after Injecting Corain in 
the Sciatic and Anterior Crural Nerves. (Average of 10 Experiments.) 



dose of strychnin continued for from one-half to one and a half hours. After 
a second equal dose the blood-pressure rose in a few instances as high as after 
the first dose, but usually not as iiigh, and on the average A\as not mamtained 
more than half as long. Aftci- a third equal dose the blood-pressure generally 
rose, but not as high as after tiie first two doses and was maintained for a 
much shorter period, usually but a few minutes. With later repetitions of 
the dose a period was soon reached when no turther effect was noted (Figs. 
30-32). 
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After each dose, when the effect of the chug had worn off, the blood-pressure 
fell to a point below its level before the dose was given, until finally it reached 
a level, usually between twenty and thirtj' mm., whicli was not altered by 
further dosage. If during the time of maxinnnn rise following a physiologic 
dose an equal or greater dose was given, there followed an additional temporary 
rise of from five to ten mm., which was maintained but a few seconds. 

During the period in which repeated doses of strychnin continued to cause 
the blood-pressure to rise, burning the paw or electrical stimulation of the 
sciatic nerve was followed by a rise in blood-pressure to about the same height 
but of less dmation than in the normal animal. 




Fig. 29. — Efft-ct on the Blood- I'ressurc of lljr Inji-r-ticn .if Str\rlinin. 
Note the marked rise in the blood-pressure following the injeetion of 1/20 grain of 
strychnin. The long excursions were caused by the convulsions. After the animal 
became quiet peripheral stimulation caused a second convulsion. 

On the other hand, when strychnin no longer caused the blood- pressure to 
rise, no rise teas jjroduced by burning the pmv or electrically stinudating the 

sciatic nerve. 

During the maximum stimulation, the blood-pressure curve was usually 
even, but as the strychnin effect diminished, the curve became irregidar. 
Between the end of the maximum curve and the begmning of the final break- 
down, the curve was cpnte irregular. After the inauguration of the final 
breakdown, the curve became still more irregular. When this stage was 
reached, it was not possible to distinguish between the terminal curve in the 
strychnin experiments and the terminal curve in the shock experiments. 

After the blood-pressure had reached this terminal stage, the intra- 
venous administration of sahne solution caused a rise which continued for 
a hmited time during the infusion ; if the infusion was stopped, or if it 
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PHEXO-MEXA OF KXIIAI'STION 3:J 

was continued beyond a limited time, tlie lilood-ju'essiire fell to. or near, its 
tenner level. 

The administration of adrenalin, after tlie tinal stryehnin breakdown hail 
occurred, was followed by a rise in proportion to the amount of adrenalin givt'u — 
in one instance as high as 260 mm. Hg. J^andaging and other means of external 
pressure, if applied in the terminal stage, eau.sed the l)loo(bpressure to rise. 

In the animals in which both vagi and both accelerantes had been severed, 
no change in the pidse-rate was noted. In animals in which varying degrees 
of shock had been produced, strychnin caused a rise in the blood-pressme 
inversely proportional to the degree of shock. \n the cases in which but 
slight shock existed, the rise and its continuation were correspondingly great 
(Fig, 33), On repeating the injections, usually no rise occurred, in the 
cases ill which shock was developed to nearly the fatal degree, only a slight 
rise occurred, lasting but a few minutes, after which no amount of strychnin 
produced a rise (Fig. 34). In any degree of shock, after the adniinistratiim of 
a therapeutic dose of strychnin, the animals passed into deeper shock. 

In the experiments in which the animals were Ijlcd until the liloiul-prcssui'c 
had fallen to a level the same as that in the tinal breakdoA\'ii fnun excessive 
doses of strvclmiu, the administration of therapeutic doses of strychnin caused 
a marked rise in the blood-pressure. In the experiments in which the rnrduUa 
teas cocainised and therapeutic doses of strychnin were given, causing con- 
vulsions, but a temporary slight rise in the ))lood-pressu]e occiu'retl and only 
during the convulsions. In another series, in ^hich both the medulla and the 
spinal cord were cocainised and an excessivi' dose of strychnin given, con- 
vulsions did not occur and no rise in blood -j)ressm'e A\as noted. In these 
experiments adrenalin caused a rise in the l)loi)d-piessuri' proportiimal to the 
dose — a rise as high as 260 mm, Hg. 

These experiments show that sufficient traumatism alone, or sufficient 
strychnin alone, causes exhaustion of tlie vaso-motor centres : that exliaustion 
of the vaso-motor centres may be prodiiced in part by strychnin and in part 
by trauma, complete exhaustion of the vaso-motor centres being the result 
of their combined action, 

Atroi'ix 

Atrojiia, hypodermically administered, was an efficient protection against 
cardiac inhibition in operations within the ' inhibition area ' in the larynx, and 
in such other operations as migiit cause mechanical stimulation of the vagi. 

Local Anesthetics 

Local Anesthesia ajjplied to nerve-tissue entirely inhibits its function. 
Nerve-trunks may be physiologically ' blocked ' by a local anesthetic, s(.> that 
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PHENOMENA OF EXHAUSTION 35 

neither afferent nor efferent impukes of any kind can pass ; hence im injury 
of an area thns protected can cause even tlie shghtest degree of shock. 

We fonnd that no shock coukl be produced by operations on the exi I'cmitics 
if they were performed bloodlessly, and tlie ner\-c-trrniks liad been ' bloclvcd ' 
by kx'al anesthesia, for no afferent iuipidses coukl pass the ' blocl^, and even 
the amputation of a k'g jnoibiccd no more effect than M'oukl be pro(hiced by 
cutting tlie hair. 

These experimental obsorvations have been extensively confirmed in the 
clinic, in vliich the use tif local anesthesia m the operative held prevents shock 
from operative traiuna. It ^^'as soon found, liovcver, that the psycliic factor 
incident to major operations vas fre(piently of great importance. This was 
strikingly true of opei'ations for exoiilffhalmic goiter. In these cases we often 
found the psychic factor sufficiently ]1o^\X'rful to overA\hclm the ])atient, so 
that in some cases a raging mctal:)ohsm, delirium, and death were due to tlie 
emotional factor alone. 



II. Exhaustion and Shock-Producing Effects of Interference 
with the Vaso-Motor Mechanism 

There is sufficient evidence at hand to make it ajijjcai- that shock in o])cra- 
tions within the splanchnic area is in ]iart. at least, due to disturl),'ince of the 
local splanchnic vaso-motor mechanism. Ho\\'ever, wliilc llic spkindmir ^■aso- 
motor mechanism plays an important part, that it is not the only tartoi' in the 
production of shock in these operaticms is pr(J^'ed by tlic following oli^crva- 
tions : — In animals in which the splanchnic blood-vessels had been eliminated, 
either by clamping the thoracic aorta or by clamjiing all the splanchnic arteries 
retro-peritoneally, extensive and continuous manii)ulation caused the intestines 
to become paler than normal, and the veins to l)ccome comparatively empty. 
No immediate fall in Wood-pressure foUuircd the trunina as was the case in other 
experiments (Fig- 35). Nevertheless irainnu of this area leiili tJie hlood supply 
controUed did cause fated shock, altliongh not as readdy as in cases in which 
the splanchnic arteries had not )x-en clamped. The blood-pressure did not 
decline as rapidly as under normal conditions, but the respirations were no 
less affected than under normal conditions. The respiration became gradually 
more shallow and usually faded before the heart, which grew gradually weaker 
and finally failed — the resultant death being independent of the splanchnic 
vaso-motor factor. It was observed, however, that animals with excluded 
splanchnic circulation cordd endure much more splanchnic injury than intact 

animals. 

It is, then, safe to assert tliat these 'excluded splanchnic-cirtadation ' 
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experiments prove that the splanchnic vaso-motor mechanism plays but a i»art 
m the production of shock even in snch injuries as involve only its own area. 
There is no evidence Mhieh tends to show that the splanchnic factor plays a 
special part in shock due to operations within any area of tlie body exce])ting (he 
splanelniic or genito-urinary area. The r61e of the splanchnic area is i)ro))a])ly 
of but little, if of any, more importance than that of any other area of like 
vascular capacity. Auto]isies in experiments in wliich the splanclinic area was 




Fig. .S.J. — Ktlect on tlie BloocM*re.ssiue .md la-spiiatidii uf liitL-s- 
tinal Manipulation after Clamping tlie .Sjilanclinii- Vessels 
and the Aorta. 

Upper tracing, blood-pressure. Lri^\er, respirations. .Splanehnio 
arteries clamped and stellate ganglia removed previous to taking 
this tracing. 1. No eticct noted on severe injury of the intestines 
%vhile freely exposed. 2. Clamping abdominal aorta ; note sustained 
rise ^^■ithout usual compensatory fall ^^"hen similar piocediires are 
done vith open arteries and intact stcUates. 



not involved showed that tJie vascular distention in this area did not diffir frovi 
the vascular distention in other areas. 

The following observations are jwrtinent : — In our experiments on normal 
animals the first injury, or at least one of the earl)' injuries or stimulatiims of a 
nerve-trunk, alwaj's produced a rise in blood-pressure ; but after the animal 
had become well exhausted, trauma or nerve stimulation of nerve-trunks 
caused little or no rise in the blood-pressure ; in fact, in many instances the 
blood-pressure fell. 
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This point has a direct and iuipoitant Ix-aring upon the conduet of surgical 
operations, i.e. these experimental observations show tliat the duration of 
a)i operation and the anioinit of tissne surgically injured bear a direct 
relation to the degree of exlianstion, unless the jield of operation is Mocked hi/ 
local aiipstiiesia.. 

The relation Ix'tween tlie cdiidilionof 1])e ])atieiit and the duration and 
the magnitude of the operation is inlhienred al.-^o by the inhalation anesthetic. 
This point \\\\\ be considered iji detail in other sections. 

Afti'r an animal had lieen I'cduced t(.i the ciHidition in whicli stimulation 
or injury produced a. pi'imary fall in IjloixTpressui't' instead of the primarj' 
rise, ^A'llich resulted ^\■hen tlie atnnial ^\as fresh, it was found to be practically 
impossible to raise and sustain thr l)l(iii(i^])ivssure l)y theiupeutic measures. 
The venous pressru'e Jiad lieiiuue so low thai tlie lieart reccivi'd but little blood. 
The vaso-constrietor mccJiaiusni A\-a,^ inactive, except in res])onse to tlie most 
heroic stimulation, and e^■cll then the tem})orary gain -was folloM'cd by a still 
greater diminution of the blood-pressure. 

A number of extensive dissections wei'e made to oliseive the ccjiidition of 
the vessels at this stage. The arteries ^\ere cpiite einjity. tlie tissues pale, 
but the larger veiif)Us trunl<s \\v\v fidl. alibe in the somatic and in the splanchnic 
areas. The lilood Mas daik-cdlonii'd . In later reseaixdic,-. the cause of this 
dailc colour \\"as found to be lilooil acidosis. 

Operations AA-hercby the fomtli wntricle M'as exposed bloodlessly. or at 
least nearly so, were attended by most [irofound vaso-niotor disturbances, 
and. tlie vaso-constrictor or pi'cssor action \\"as soon lo>t by the mere exposure 
of this I'cgion to till' air. Jf the vaso-iiiotor centre is exjiosed and coeain cli'opped 
on it, the lihjod-pix'ssini,' falls to about 'iit or (>() mm. In this condition, 
apparently no amount of ti'auma produces shock. The cc)iiicidence of the lack 
of response in the bloo(l-pre>sur(_'-iai>ing nicidiani>m on the a2>}ilicat ion of an 
adequate stiniidus in tlic^c ca>cs, in \\ liii/h the A'aMi-motor niccliaiii>m is known 
to be exhausted, strongly sii])por(s t he theory of \'aso-inotoi' fatigue in traumatic 
shock. 

Tlie resulls ol the expcl■lnlcnt^ with ^tlychnill ali'catly noted, in particular 
the tacts that )_)o1 h sti'ychnin shock and traumatic sliixd^ caused exhaustion 
of the vaso-motor niechanism ; that exhaustion coidd he initiated by trauma 
and i-ompletcd by str\'cliiiin and vici ri_rsii ; iiiiil thai ii-ln ii tlir ca--<o-iiic)for centre 
and tlic spinal coi'd n-ric Jirst corain is< il , ncil/irr Irunnia nor siri/chnin conJd raise 
the hlood-jyrc-^snri In an ntJa-'rn'isc nmimd anlimd — these facts in addition to 
the other exjierinicntal hndings re]ioited a hove lead to the conclu>ion that the 
vaso-niotor mechanism is exliaustc(l in .shock'. Nevert liidess, as will be shown 
later, exhaustion of the \aso-iiiotor mechanism is not the only factor in the 
production of shock. 
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In 103 oi the cxpcriiiK'nts in ^hicli the I'Xact nuuuier ol' death was 
reeorded, or m whieh in tiie cuurse of experiments eillier the heart or the 
respii-ation failed first, respiratiim alone failed in Jiinety, the lieait alone in 
four, and both simultaneouslj' in nine. in nian^- instance's the heart was 
beatmg strongly and the blood-pressure was fair at tiie time ivspiration failed. 
Artificial respiration was fre([uently iei[iiii'e(l during the eourse of the experi- 
ments. The greater the extent of the dissection, and especiall_y if dissection 
had been made in the tliorax or the altdomen. the moie readilv the respiration 
became exhausted. In l^loodless amputations of the hi]>-j(>ints and in other 
mutilating expei-iments, respiratory failure occurred first. Almost every 
injury which affects the circidation caused respii-atory changes, usually moie 
striking than the vascular changes, and in many ex])eriments. notalilv in the 
splanchnic area, the respiration Wiis more affected tlian was the circulation. 
\\ hen the brain was traumatiscd, flic respiration was strikingly UKire affected 
than the circulation, tlic innncdiate cause of sudden death from traumatism 
of the lirain ni almost every instance Ijcing failure rif the rcspiiation, as had 
pre\iou-ly Ijcen shown by .Sir ^'ict(.lr Horsley. In one gmisliot wound, not 
even touching the medulla, but imparting to it flic percussion of the ))all. 
death was caused by respiratory failure. Clunshot "wounds of the chest, 
when large vessels of the heart were not jicnetrated. caused death fiy 
respiratory failure. in laiymgeal operations and injuries, respiralion was 
very easily inlubited. In almost everj' instance of dangci'ous ani'sthcsia, 
the re-]iiration was most affected, and freijucntJy sto]i]icil :-uddenly. The 
heart t-ould be depended upon to continue heating long (.nough to establish 
art ificia 1 respirat ion . 

There remain other phenomena whose explanation is not attiuuptt d on the 
basis of tliese experiments ; nor is the evidence thus far lepoitcd .-ufticioit 
to explain tlie mcclianism of the vaso-uuitcir lailui'e, or of the u>]juatijj}- failure, 
or the general symptoms not due solely to the factor of anemia. Xor does 
the evidence thus far reported offer any ex])lanation of tlic action of emotion, 
of exertion, of infection, of etlier ane.'^thesia. of as})hyxia. of hcmoriliage, as 
predisposing or contributing causes of exhausti(]n. Thc^c factors were made 
the subject of other researches, the findings of which will be discussed 
presently. 

Post-JIorfeiu Appearftnces. — Autopsies wcjc made in a large number of 
animals, and in general the following conditions prevailed. The large venous 
trunks wx-re full, tlic arteries empty, the veins of the splanchnic area not more 
distended than those of the somatic, unless the experiment had included some 
procedure in tlie splanchnic area ; the left ventricle and tlu' left auricle wei'c 
empty, or nearl\- so ; the right auricle usually contained some filood, the right 
ventricle, little or none ; the lungs were anemic ; the pulmonary vessels were 
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empty; the tissues of tlie brain and of tlie somatic area were anemic ; the 
fiver was nsually engorged ; the spleen and kidneys somewhat less so. In a 
number of eases the disposition of tlie blood was observed by making the 
necessary dissection unde]- anesthesia just Ix-fore death. 

The macroscopic evidence gave no clue to the cause of death from exhaustion 
or from shock. Olnaously at this point in our investigation it had become 
necessary to oi)en new lines of icscarcli to gain a fm'ther clue to the biologic 
principles involved. U]) to this point we had established a cpiantitative 
relationship bet^\-ccn trauma and shock ; we had demonstrated that the brain 
was msensitivc to trauma and tliat its injury caused collapse rather tlia]i sliock ; 
A\-e had established the fact that less shock was produced by injury of deep 
protected tissues than !)}■ equal injurv of pliylogenetically exposed tissues ; 
and that shcicl< was most readily produced by injury of those parts whiili were 
most richly sown with nervc-recei)tors ; we liad foinid that exhaustion and 
shock -wi'Yv ])riiduced b}' exposure ijf the vaso-motor centre to the air : by 
exposure of the tissues anywhej'e — subcutaneous, al)d(jmHial, chest, lirain : 
and that shock fr<.>m injuiy cciidd be prevented b}- previously blocking the 
nerves with a local anesthetic. \\V then proceeded along \\ho]ly different 
hues of uu'cstigation. 



III. Exhaustion and Shock-Producing Effects of Trauma as 
Evidenced by Brain-Cell Changes 

On file basis of the investigations wliich '\\c have already reported, we 
argued that since the vaso-motor centre is fatigued in shock, other parts of the 
brain were jirobably fatigued also, ;ind, following the ]>rc>mises established by 
Hodge in his studies of fatigue in the bee. A\'e arguecl that the functional altera- 
tion of the fi)-ain-cells wotdd be acco)n])anicd by pliysical alterations. 

To test this hypothesis, in I'.iot*. m tollaborat ion with Dr. D. H. Dolley, 
^^■e initiated our liistologic studies :)f the firains of animals after traumatic 
.shock. These studies were later extended, m collaboration 'with Dr. J. B. 
Austin and Dr. ¥. W . Hitchings, to include other forms of shock and exhaus- 
tion and othci' organs. The Undines of these later studies wWl be reported in 
other sections of this cha])ter. 

AVe found that when physical injury alone was inflicted on normal dogs 
under inhalation anesthesia, a eei'tain numf)cr of the brain-cells sho^\'ed flrst a 
stage of hyperacidity, characterised by hypcrehromatism ; and later a stage 
of exhaustion cliaracterised l)y chromatolysis. by alteration of tlie nucleus- 
plasma relation, by rupture of the nuclear and the cell membranes, and flnallj' 
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by disintegration (Fig. 3G).i These changes \\ere most inarl<ed in the cerebellum 
and the cortex and were present also in the medulla and the cord. 

Of great significance is the fact that tJie hrain-ceUs showed no change when the 
trauma was limited to territories disconnected from the brain by severing the spina! 
cord, or by local ancsthetisation. This iinding was anticipated, because we had 
shown that in these circumstances trauma caused no shock. When the 
circulations of two dogs were crossed and but one dog was traumatised, brain- 
cell changes were most marked in the dotr traumatised. Dogs over-transfused — 
to eliminate the factor of anemia — and traumatised sliowed brain-cell changes. 
This indicated the presence of some shock-producing factor other than blood- 
pressure changes. When the Aitality had been previously reduced by emotion, 
by physical exertion, by toxins, by infection, by hemorrhage, l.)y excessive 
tlnToid feeding, by adrenalectomy, or by any cause that reduces the %atalit3'. 
greater brain-cell clianges were found after equal trauma, the endurance of the 
anijnal being in proportion to its vitality at the beginning of the experiment. 
AVe found that trauma under curare caused no more l:)rain-cell changes than 
approximateh' equal trauma under ether. 

From these observations we concluded that etlier anesthesia oli'ei's no 
protection to the brain -cells against the effect of tramna. and that the lipoid- 
solvent anesthetics probably break tlie arc wliicji maintains consciousness 
beyond the brain-cells someM'hcre in the efferent jtath, perhaps at the synapse. 

1 Since accurate observations depended upon the rstalilisluiieiit nf ;i stamlard of i.ll das^ifii-n- 
tion, a method of making diti'erential cell counts was devised liy Di'. Hilrliiuu'-;, and the tidluwiiig 
arbitrary classitication adopted by Dr. Ilollcy and IM'. Austin : 

.s'/aj-- 1, — The so-called hvperchrnnuitic stag''. The eluinixes ODUsist essentially in an inrrease 
in the chromatic material, Ijoth ditt'use and in formed masses. The increase is not confined to the 
cytoplasm, but also occurs in the nucleoplasm. (Fig. 36 a. ) 

Sta(jt 2. — The normal average anmunt of chromatin is iiresent in the cell body, Ijut it is 
heginning to disappear from the dendrite. Excci>t for the latter change this represents the 
jiractically normal cell. 'Fig. 3Gl!.) 

Stage .3. — There is well-marked disappearance of the chroniatin. The tendency of that «hich 
remains is to collect peripherally in both the cytoplasm and the nucleoplasm. The cell and the 
nucleolus are somewhat swollen. (Fig. 36c.) 

Shige 4.— Tlie chromatin has almost entirely disapiiearcd from the cytoplasm, which is bcjiiming 
to show signs of di.sintegration. (Fig. 3Gr).) 

Stitgeb. — Except in the nucleolus there is no chroniatin inside the nucleus, and veiy little 
outside. Vacuolisation and disintegration fif the cytoplasm is very a])parent. (Fig. 3(1 E.) 

,b'(a^e e.^The chromatin in the nncleolus is all that is left. The nucleoplasm is \acnolated. 

(Fig. 36 k.) 

Stage 7.— The chromatin in the nucleolus is passing out into the cytoidastn. The nuclcO[ila,sm 

is still'further degenerated. (Fig. 36 g.) 

Stage 8.— The process of disintegration is carried still further. (Fig. 36 H.) 

Stage 9.— The chromatin has disappeared even from the nucleolus. The nuclear membrane has 

almost disappeared. The cell membrane is extensively ruptured. The crll is dead. (Fig. 36 i.) 




Fill. 36.— Arljitr«i;\- Cl.issilicali I I'liikinjc Ccll^. ^SL-L' fuutiiuto, p. 41.) 

A. S(a,-r 1. V. St:v^r C. 
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The afferent path from the sent of injur// lieiiKj iiiiltroki'iK the nj'fereiil .^titiintl 
■reach and mod if// the brai//-eeU,^ /is reudil/j av if i/o a/irslj/dir hud Ijceii give//, and. 
it icoidd seem that the hrain-eell vha//<ii's ///i/-^l l/c il/ic In lh( rc'^poz/ne e>f the hn/i// 
as if i)i a, futile effort to escape fro/// tin i/zj/ir/j. 

Having established a tangible patliolngy <>t uue type uf exhaustion and 
shock — that produced by tramna — A\e (lien tool< up other l}i»es iji sequence, 
beginning Avith hemorrhage, since hemorrhage — aniania — predisposes to 
shock. Complete anemia prodiices death. ^Ve therefore evolved a metjiod 
of resuscitation, and were then in a po>ition to study the effects on tlie biain 
and on other tissues of periods of I'omplete and of partial anemia ; and to 
c^iscover how long the various organs and tissues could endure complete anemia 
and recover. 



IV. Functional and Brain-Cell Changes in Anemia and 
Resuscitation of the Central Nervous System 

In collaboration with Dr. 1). H. DoUey animals were killed iu vaiidus ways. 
usually by chloroform, then resuscitated by the infusion of adrenalin in an 
artery — the stream directed toward the heart, and linnlly Idlled again for 
histologic study. I'ermanenl and complete iveovery \\a^ ol)taine<l after five 
mmntes, six minutes, six miiuites and ten seconds, six nnmites and fifteen 
seconds, and seven minutes and thirty seconds of total cessation of the 
circulation (death). That is. one dog out of twelve, with total lessatioii uf 
circulation for from seven minutes to eiuht and one-half minutes, recovered : 
whereas onlv one out of seven with total cessation of tlie circulation for from 
five minutes to six and one-half miinit( s died, apiwrenth- as a direct result 
of the anemia.'' 

The demarcation between recover\' and death vas sharp, in practically 
all the experiments the crisis was readied hi from twelve to twcniy-fonr hours. 
Then death ensued Cjuickly, or else disthict llnpl■o^-enlent of ner^'0us functions 
began shortly, and continued more or less rajiidly to complete restoration, 
though in two dogs tlie convalescent period lasted for four and six weeks 

respectively. 

Alter six minutes of total cessation of the circulation the narrowness of the 
escape from permanent death was shown by the degeneration of a certain 
nundjer of neurons in the recovered dogs, wliose brains were studied by the 
Jlarchi method. The vaso-motoi-. the cardiac, and the respiratory centres 
showed somewhat greater vitality- llian the higher centres, but tlie difference 

1 Ciilr, (;. W. ; Amufin u.„l R.,„,n/„/„.u, l!M4. 
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was not great . In many of the dogs that succumbed after some hours, not only 
the reflexes but also some of the higher faculties revived. 

In general, the follo-\ving sequence of return of the various functions and 
reflexes Mas exhibited: respiration, vaso-motor control, corneal reflex and 
knee-jerk (tendon reflexes in general), ^\•inking, cutaneous reflexes, partial 
or complete contraction of pupils, and liglit reflex. 

Respiration. — The rc-ijiiraiorij ami cardiac centres sho\\ed greater resistance 
than the vaso-motor centres. Injury or faradisation of the sciatic nerve caused 
no rise in hlood-pressnrc, indicating loss of vaso-motor tone. In from ten to 
twenty minutes after the heart and resjjiration had again become active the 
vaso-motor centres A\-ere reanimated. The vaso-motoi' restoration was slow in a 
nundjer of instances. When the bhjod-pressurc rose, indicating a recovery of 
the vaso-motor centres, then injury or faradisation of the sciatic nerve caused 
a rise in tlie l)lnod-})ics.surc. This corresponded well witli the relative behaviour 
of the "\'aso-motor and the resjjiratory centres in exhaustion or shock from 
trauma, fi)r during the progressive failiiiv of the vaso-imitor mechanism, the 
activity of the resjjiratory mecliauism Mas increased. .Vs the blood-pressure 
fell, the respjiration Mas increased. It is true that the heart usually continued 
to beat after flnal icsiiiratoiy failure, but the cardiac centres lost their tone 
before the heart muscle Mas fatigued. 

Blood -jrre-^.^nre. — Depending on the extent of the vaso-motor reactivation, 
either a tendency to rise was immediately exhibited, or the Iom' level persisted 
for from ten to tMcnty minutes, in the latter case with a subsequent rise. 
Stimulation of the sciatic nerve did )K)t cause the usual rise of i^ressure luitil 
the secondary rise had spontaneously begun and respirations M-ere well re- 
esta))lished. 

^Vlth one exception, the respiration in all the experiments returned well 
bef(jre the end of the first fall in blood-jiressure ; tjjat is, before tlie vaso-motor 
mechanism «as restored. In one exjteiiment as little adrenalin as possible 
M'as used ; tlie anemia lasted five and (Uie-lialf minutes and respu-ation began 
tM'o )ninutes after restoration of the ciivulat ion. Mhik' reaction to sciatic 
stimulatinii ^\as jiot (detained U>r U>\\r minutes. It appears, therefore, that the 
return of activitj' in the A-aso-iuotor centre is nearly synchronous M'ith the 
ret\u-n of respiration after sliorter periods uf anemia, but is more delayed 
after longer periods. In a puppy subjected to thirty-five mnuites of anemia, 
there M^as apparently no vaso-jnotor reactivation. 

Temperature. — A\'hilc not recorded as a matter of routine, sufficient data 
have been obtained to indicate that the temperature conthiues to fall for 
several hours foUuMing resuscitation. Tlie loAvest rectal temperature Mas 
32-9 degrees C, four Jiours after anemia of nuie and one-quarter minutes, and 
33- S degrees C. M'as reached sixteen minutes after thirteen and one-third 
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minutes of anemia. Eium this }Miin( the tenipeiat uic gradually rose to a state 
of iiyperp3Texia, whieh was more marked ni tlie animals wliieli siieeumbed. 
Lithe dog whieh reeo vered after the maximum period of anemia Ahv maintahied 
level was reached the seeond day. 

Phinomcna referable to the Cerebral Coiie.v. — ilost of tlie animals \\hi(]i 
recovered passed through a final stage eomparahle in many respects to the 
ondition of Goltz's decerebrates. .Sucli a periotl \\as chaiacti'rised by dementia 
and loss of inteUigence, lack of any psychic response to stimuli, and inability 
to recognise food and drink. Response to stinudation was purely reflex, or 
was absent if memory of past t-xperiences was involved. For example, meat 
placed in the mouth vas lield there passively, or. m one case, forcibly spit out ; 
a flash Mas answered only fiy a lid reflex, and there Mas indifference to the 
relative position of the forelegs. I'ower to localise stimuli was gradually re- 
accj[uired. The clinical observation tliat the cortex suffered the most and was 
the last to recover is supported liy the fact that the histologic alterations weiv 
more nu^rked in the cortex than m the loA\er centres. This fact also confirms 
the ^^ew that tlie cytologic state of tlie brain-cells gives a true indication of 
their physiologic condition. 

Histologic exanhnation both of presiunptively recovered animals and of 
fatal cases was made by ordinary methods and by those of Nissl and j\h\rchi. 
The neuroej-fes of the fatal cases unift)rnily pieseuted the greatest change, 
some being not merely chromalytic, but in a coudifion M'JiicIi definitely in- 
dicated the death of the cell. Examination l)y IMarclu's method further 
supported these findings by prijviiig flic existence of fibre degeneration. The 
narrowness of the escape from death of one animal, which fian- Mceks after 
seven and one-half minutes of anemia had apjiarentl^- entirely recoveied its 
normal condition, was shown by the degeneration of a number of fibres in the 
pp'amidal fasciculi, Avhieh A^ere traced fixnu the cord to the cortex, and in 
Flechsig's fasciculus, M'hile a more sparsely scattered degeneration of botli 
ascending and descending fibres was evident elsewhere. 

The histologic evidence that even in so-called ' recovered ' animals, some 
or even many nerve-cells were permanently lost, and that all Mere temporarily 
damaged, explains the great temporar\- and lesser pei'manent loss of power 
following any grave anemia of the brain. 

It argues against the practice of permitting tiie blood-pressure to fall ex- 
tremely low in cases of hemorrhage before resorting to blood transfusion. It 
warns the surgeon to be cautious in ligating or temporarily closing the common 
carotid artery in aged subjects. It warns him not to press on the brain with 
retractors and packings ruiless the pressure is made strictly intermittent, 
never exceeding five minutes at a stretch. It explains why in all types of brain 
pressure the early depression of the higher functions, such as associative 
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memory, occurs Ijefore tJie depression of tlie lower functions, such as respira- 
tion and circulation. It emphasises the significance of the gradual onset of 
tlulness and stujxjr in increased intracranial pressure. It fixes an absolute 
limit to the possibility of resuscitation in eases of drowning, and therefore 
makes one doubt the authenticity of many rejjorted cases of resuscitation after 
apparently long intervals of suspciided animation. 

Having sho^ii that the lesions in the Ijrain-cells produced l>y anemia were 
in (I rtain I'cspects identical with those iii shock, we tlien turned to the study of 
other predisposing and exciting causes of exhaustio]i and shock and to an 
investigation of the restorative powx'i's of sleep. 

It is an axiom in the clinic liial a patient who does riot sleep will make 
scant o)' no progress toward recijA'ery. \Ve know tliat loss of sleep alone is 
one of tlie most potent causes of exhaustion : tliai deatli will just as certainly 
lesult from continuous mdjroken i-onsriousness — though it may be longer 
delayed — as from continuoirs trauma or fi-om continuous hemorrhage. Are 
tlie lirain-cell changes prtiduccd ).)y ]iiT>longed insomnia identical with those 
produced by trauma and by hemorrhage ? Aiv the cells of any otlier oi'gans 
altered ? Are the cells thus damaged restored bv sleeii ? 



V. Histologic and Functional Evidence of the Exhaustion- 
Producing Effects of Prolonged Insomnia and of the 
Restorative Effects of Sleep 

JXSO.MXIA 

Li collabor.ition with I)rs. Austin and llitchings, eighty-four experiments 
-were pcrforme<l. in wliicii raf)l)its were given aljundant food and drink and 
rest, were kept luider ideal conditions, 'out A\(.>re not alloA\ed any sleej) durino- 
continuous pcrioils up to ItK) lioiii> in length. Tlie folloA\ing observations 
were made : — 

(1) Exliaustion develo])cd gr.'idiiidly and A\"as progressive \nitil death. 

(2) No agent — sodium Ijicarbonatc adrenalin, glucose — modified the 
ine\'itable exhatistion and ull iiiiale dcat h of t hi' animals. 

(3) Death was rather sudden, and Mitlioiit draiiialic incident; the 
machinery of life stopped gradually and cpiietly, like an exhausted battcrv. 

(4) Tcni]ici;i(iire. pulse, oi' ]-espiratory changes «cic not notable, though 
tliere A\-.is ajiparently some decrease in liod\ weight. 

(5) Tlie H-ion concentration of the blood remained unchanged until the end. 

(6) Microscopic examination of all the principal tissues and organs of the 
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body shoM-ed that all weiv ajipaivntl}- noi'iiial. excepting the cells of three vital 
organs which showed marked changes — the biain. the liver, the adrenals. 

Brain. — The changes in the bi'ain were \\ides]iread and conspicuous, as 
evidenced by the photoniiciogiaphs (Fig. 37). The changes in the corte.v 




Fiu. 38. — ^lacLvplia^.'f.s (sn- ari.jw^) S-mruiiiKliii,^ E.\1iiui.^Um1 I'lirkiiije Cells. 

^\ere most marked, in the reiel)elhnn next, and were least niar];cd in tlie 
spinal cold and tlu' medidla. One period of sleep restored the k)rain-cell,s, 
excepting those brain-cells whose cell and nuclear menilti'anes had laiptured, 
and which had lost something which is necessary to make them take a dif- 
ferential stain. These seriously injured cells were followed throiigh to their 
breakdown and complete disappearance through the action of macrophages 
(Fig. 38), l:(y making experiments in groups, and killing the animals at various 
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lutoivals (Figs. 39and 40). This gave iis (lu" ojiportimity t(j lollow llio complclc 
cj-clc of cell cliaiige through to the end. 

Liver. — The eell changes in the hver consisted in the enlargement oi- 
s\\ellmg of the eells, general disappearance of cytoplasm, tlie jirescncc of 
vacuolated spaces, displacement, antl occasional disappearance of nuclei. 
These changes were most marked near the periphery of the lobules (Fig. 41). 

At/roKils. — The changes in the histologic structure of the adrenals wre 
most marked in the cortex. In some cases there were marked chanses ni 
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Fn:. .Sil. — Chart Pvepresentinu tin; rro;.'rrssi v.' (.'liaii-ir'S 111 tin- I >ill'tTLMit Jul I'urkinjr 
i\A[ Count during lU'cdvery fioni lusduinia. (Set* also t^ig. 40.) 

the cells of the cortex while the cells of the medulla were practictiUy normal 
in appearance. These histologic changes consisted in enlargement of the cells 
with occasional rupture of their membranes, distortion of the cell outhnes. 
eccentric displacement of the nuclei, which were often crentitcd. ;ind general 
disap2>earance of cjioplasm (Fig. 42). 



SLFFP 

A brain-cell which has entered the final stage of disintegration, as evidenced 
by loss of stainability and rupture of the nuclear membrane, has lost the power 
of survival and cannot be reproduced. A brain-cell which has reached the 
stage in which the power of differential staining is lost, lias lost the power to 
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do work. Ill no instance in 2G70 experiments on animals and (observations 
on man liavc wo ever fomid the po\\-er to do Mork associated M'itli l)rairi-cell 
changes as marked as those found in the rabbits subjected to these insomnia 
experiments. Are the swelhng, tlie rnptm-e of the nuclear rnemljrane, and 
the loss of stainability of the brain-cells due to an intracellular acidosis ; and 
does sleep, by diminishing the \\'ork of the brain, do nothmg more than give 
the cells an o])portnnity to get rid oi the acids and to take in alkalis and bases ? 
We attempted to find the ans\\x-rs to tliese fpiestions by administering large 
doses of sodium bicarbonate, but no beneficial ivsidt ensued. Sleep, therefore, 
nnist relate to some other physico-chemical process. 



^ERCS 


1 






The Brajn 


CjtWi 


During 


Re 


cove 


f"y 


Afte 


r 


Lrisomma 


of 


11 


3 M0UC5 










PA 


^S 


~ 


11 




2 


~ 


3 




4 




s 


~ 


6 


7r- 


e 




9 




10 




11 




IZ 


«' 


rr 


"^ 


15 


ID 




^ 




>m 




Z4 




ts 




7Z 




96 




iio 




MJj 


iht 


in 




116 




zv 




X64 




TAB 


.n 




3>< 




3611 


^i 


fHI 


/. 


UK 














































































































































90 




















































































f> 
























































so 










"/ 


/ 


V 


s 
































































V 








\ 












^^ 


-A 


r-"" 


































70 








-V 


/ 












'^ 


►— 










! 




























1 












Ji 


/ 


























































60 




f' 




































































r 


































































60 


1 




































































f^ 


























































1 i 






40 




\ 






















i 














































"t 


















! 








































}o 


i 






G^ 










^ 


- 






-^ 


[ 


















































^ 


<.' 




















"- 


-, 




> 




























1 




Ze 














■^ 




















































. 




K 
































































iO 




*. 


-♦J 




f* 


'^11 














1 


1 1 -1 
























; 




1 






^ 


^ 






^ 




^ 


11 


L 


LEL 


±. 


H-r'1- 


^i 1 





L 


_ 


_ 








_ 




1 


^\ ^\ 



I'll-.. 40. - ( 'hint ];.;pr(;, 
(Vll ('mint iln 



ATitiiii; tin; 1 'rM^'ix->si\-t; ( lian^'cs in tli 
liii^' I'reiiM-ry from Iii-Minriia. (Sei' 



!• DitlrruMtial 
ilsu l-'iy. -M.) 



Tlic Jiistdldgic evidence indicated that U tnok many days to jesture some 
brain-cells that -were on tJie vei'ge of final breakdl>^^ll. There is va>t clinical 
experience as well as sii2)])()rtiiig liistologic (■\ ideiue that morphin. tis a sub- 
stitute for sleep, accomplishes fVif the brain-cells mucli of what is ticcomjilished 
))y sleep. The resendjlance nf nilrdus dxid anestln'sia to normal sk'cp is so 
marked that in a series of expei-iments. nitrons oxid was substituted for sleep 
in the following manner : Animals were l^ejit a^\•ake for loii Imnrs, but were 
given nitrous oxiil anesthesia for one hour out of eacli six, and dining this 
time the aiumals were continually moved about so that they could not have 
fallen into normal sleep. 'The brain-cells of these animals Awre preserved 
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Jm.:. 41. — En,r;t .,f lu>nm< 



llir I>ivel- of a l-Iiiljbil. 



A aii'l C, Secti'">n ^ii iiDinial livt-r nf a ral)l>it. 

Ji and D, iSuction uf liver of a ialil.it after cniitiiiuous insi.ruiiia fur 1(1(1 liuurs. 
(A anil B friini [ilicituniicTo^'raplis, ICHI) 
(C and \) from pliotomieronrai)lis, ' lOOO.) 
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(A ami |; fi-,inl |ili,.t,,ini,'io|;r;iphs, ■ KX). ) 
(Caii.l 11 IC,,.n |,l,,.i,,nii,n,,;/rai)ha, IGCK).) 
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almost as well as were the brain -eclls of others which were allowed liJ<e periods 
of normal sleep (Fig. 43). 

In another series of experiments we l^ept rabbits awalce for 100 liours, and 
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I'll-;, 4-3.- C'nniparisnii ,,f the Rr.-<toi'ati\ .■ Kllrrt.-< •<{ Xiuous I IxiW ami ..f 
Sleep on tlu- Brain-(A-lls nf Ital.l.its Ivxliau^teil l.y In^iMniiia f.ir lOU 
Hoiir.s. (From camera lueiilii draw iiiK-"^-) 

A, Section nf nunnal ceielielluiii uf a laUiit. 

B, Section of tlle eerelielluill of a ]al.liit -iftel' eonliiillous insoiiniia for 1119 

hours. 

C, Section of llie crreliellurn of a lal.l.it lo wliirh ]iilious i,xiil xias 

administered one hour of eaeli six for 1(19 lioiirs. 
1), Section of the cerebellum of a rabbit wliieli liad been allowed to sleeji 
six hours after 109 hours of insomnia. 

then subjeeted some to a seance of nitrous oxid anestliesia, while others were 
allowed an equal period of normal sleep. The microscopical findings showed 
that the brain-cells of the animals in l)oth series were restored to the same 
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degree ; l)iit iindei' jiitrous (ixid tJii.' cells of the Iner and of the adrenals -were 
not restored to the same degree as were the brain-cells. 

We argued that if the icstoration of the brain-cells by sleep \\'as a result of 
lessened -work, hence of dirninislu'il metabolism, then curare, which inhibits 
the activity of the vast vciluutary iimscular system. wc>uld reduce the meta- 
bolism so greatly that the brain-cells would be restored. To determine this 
point, such experiments wvta made in my laboratory by Dis. \\\ B. Rogers and 
R. E. Mosiman, with negative results. Still pursuing the ' work ' hypothesis, we 
argued that whereas the total metatujlism was diminished by disconnecting the 
voliuitar}- muscular system from the brain, an agent that would put the brain 
to sleep might be a substifule for sleep. The work of lleltzer (jn magnesium 
sulphate was therefore a])|)licd )>y Rogers and 3Ljsiman. ^\ho found that during 
magnesium sleep tlic Inri' cells were considerably restored, but the brain- 
cells were indifferent Ij' lestorcd. A\'e then anesthetised the entire cerebro- 
spinal axis by the iutratliecal injci-ti(jii of (piinin and urea sulphate, with 
negative results. 

Finally, we tiu'nedtu the mt l■a^'elll)lls nijection of sea-water in the \-ain hope 
that the damaging effect of prolonged consciousness and of other fomis of 
exhaustion might be due to some kind of physico-chemical change that might 
possibly be overcome by this means. A number of animals were thus treated 
with indifferent results. .Sea-wafer was tried also in cases of profotmd shock, 
with results comparable with the results of other hypertonic solutions. 

In our prolonged search fur an agent which Mould act li]<e sleep in the 
restoration of the exhausted organism, we found that the cells of the brain, 
the liver, and the adrenals are more restoicd by opium than by any other agent 
excepting sleep. Nitrous oxid to some extent effects a lilvc restoration, but 
is not as potent as opium. 

These final results su])plicd us with the cue to the further study of the 
problem of restoration, which wuU be discxissed more fully m a Liter chapter. 



VI. Exhaustion and Shock-Producing Effects of Various Agents 

fiXKKTiON 

Many observations of the effects of exertion were made — including functional 
and liistologic studies of foxes Aviiieh had been purstied fiy dogs, of cats which 
had struggled against restraint, of dogs altera light, of salmon after their long 
swim up the Cohimbia River to the spawning l)eds, of electric fish after the 
discharge of their electric mechanism. 




l-'ic. 44. — KHc.-t i.f Extix-iiie K\L-itiori ..u \\,r Uiuiii, Ailrcnals, 

A, Section nf nDrnial cerelielluiii nf a cat. 
]5, Section of normal adrenal of a cat. 
C, Section of normal liver of a cat. 
]), Section of cerelielliim of a cat after f(jur liours 
K, Section of adrenal of a cat after four liourf^ of 
F, Section of liver of a cat after four Iniurs nf c 
(.\ and 1) fr.ini pilot. imici'ocrraplip, ■ 310.1 (B, C, K, 



,d Li\ 



of a Cat. 



'f contiinums exertion. 

ontiinious exertinii. 
ntiniUfUs cxei tiun. 
111(1 ]•' from |iliotoiiiicro;^raplls. 



i(;40.) 
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In the warm-blooded animals, in addition to the olnnons phenomena, 
such as accelerated circulation and respiration , increased temperature, sweatmg. 
and final exhaustion, we found in the acute phase of exhaustion increased H-ion 
concentration of the blood ; histologic changes in the brain, the liver, a)id the 

adrenals (Figs. 44-47), comparable witli those seen in traumatic shock, ailer 




I'h:, 4.'. -Ktl.Tt ,,l |-:x.'lU.iri ll-'i-iil ,iihI Amlti ) uii th.' ( VivlM.aiiiiu .,1 a 1 In- 
A. Srrlicm lA llulliial rrrrln-llnln nt il.iL'. 

]',, Scrtioii of cerflK-lluin nf a du^ killnl iiiiiihiliatil,\- attrr a 
liM-ly litilit wiLh an.itlii-r cln^. 
Xnlr tlic valiatiuTi^ in tlic .hlMinatlsin ..f llir ri-lls in H. (/. miliarr \\itli 
tllu milllraiatr rlll'ets nf in.^il[ ill I'lL'. IS. 

M'r i.h..tnimrn,j;rai.li~, -tlft.) 



the iujectinn of foreign j)roteiiis, in infection, and after insonuiia ; an increased 
ciutput of adrenalin ; an increased indin content of tlie thyroid ; and a diminished 
filycoy-en content of the muscles. 

The histologic studies of n(.)rmally rested salmon taken from the mouth of 
the Columbia River, as compared \\ith the histologic studies of the salmon 
exhausted after their long swim of about lltOO miles to the spa\\'ning grounds 
at the headA\atcrs, showed in the latter striking histologic changes in the brain, 
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Kii,. 40. — ErtLM.-t of Trol., 



■<i K\L-rti 



111 the Ct.-itlicUaiii cf a Fux. 



A and C, Ser-linn fioin iiornial '■uix-lH^llnni uf a fox. 

li and 1), Section tioni ruiehrlluni of a fox after a 7-niiIe rliase. 



The arrows in B indicute the faint traees of Purkinje e. 
■witli tlie clearly defined cells in A. 

(A and B from ijliotomicro^^raphs, ■ H."). ) 
(C and 1> from photonnci'o;4ra])hs, ■ 310.) 



( 'onipare 
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the liver, and the adrenals aiialijgoiis to those seen in other fornis of exhan.-tion 
(Fig. 48).i 

Electric fish iu the Naples A(]iiariiini and others caught oil Cape fiatteras 
A\ere studied by Dr. ;\[. L. Menten l)efi>]v and after tlie discliarge of their electric 
batteries, lu these a comparison of the cells of the brain, the liver, and the 
adrenals of the relatively normal electric fish with the cells of these organs in 
lish whicli had repeatedly discliarged their electric batteries, nntil thej- ^\'cre 
exhausted, showed in the latter histdlnf^ic ilianges analogous to those produced 
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Ti'.. 4,. -;; iMii-Mi, Ml III,. i)iii,-,,.,,ii,ii j'urkiiij,. 

Cell Count iu Nluui;iI t'uXL-s n\ii1i iIr- ruikinjr 
Cell Couut.-i in Foxi:'^ aUir Slimt auU afler I'lu- 
loTiL^'ed l^xertiuu. 

in other animals by insomnia, by physical trauma, and by exert mn (Fig. 40). The 
significance of these oliservations on electric fish Avill be made evident in a later 
chapter in ^\'llich an attempt is made tn associate the electric phenomena of the 
electric fish with llie phenomena of tlie driving forces of the brain in its response 
to luimerous other h)rms of energy transformation and exhaustion. In this 
connection it is of interest t" note in passing that the electric discharge of the 
electric lish was diminished fiy moi'phin, Mas abohslied by anesthesia, Mas 
immensely faeditated by strychnin ; tliat adrenalin caused hyperehromatism 
of the brain-cells of the electric fish ; and finally, that the statement has been 
made that food and sleep are essential for the I'echarging of the batteries of the 
electric fish. 



' Tlu'sr specimen-; were seciireii thron-li llie eouvli'sv cf llr. 11. ('. C.tt'ey (.f l\iiiland. 




Fk;. 4S.~ KlJoct ')f J.'ruloii.L^rd KxcrUnn ..r, ihr JuMin. A-iimals, and l.i\i.T <jf a SulnKin. 

A, Section i.)t r-crfltflluin of a salmon nan.L'lit at iiioutli of C'nhunl'ia Kivn-. 

B, iStcti(.in of adn^rial -if a salmon r-au;_'lit at nioitth of ('nlinnlHa I-li\rr. 

C, Section of liver of a salimtn raiiL^IiL at inoutli oT ( ulimilaa l\i\i r. 

J), Sec-tion of ecreltellmn of salmon caii^^lit in iiea<I\\aTrcs (jf ( '-jluniliia i;i\ •■[■ aftrr its swim of <i\vv 7"() 

Tuik'H from the mouth of the river to its ^jiawnin;^ ;^'ninnil. 
K, Section of adrenal of salmori cau^^ht in htvn I waters nt' ( 'nlunil'ia Ki\ er al'tei' its ^-w im i»f n\ rr 7' HI mih'^ 

from the mouth of the river to its spawnin;^ ;;ioiuiii. 
y, Section of li\"er of salmon cau;^lit in headwaters i>\ ( 'nlinj|t)ia lli\fi- after its swim of 

from the mouth of the river to its s])a\vninL' L'ruiind. 

{A and D from photomicro^'raphs, ■ 'M0.\ (l». C, Iv and T fi-im photomicro^'raplis, li)4(l.) 
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E.MOTION 

The emotive response of timor(.)Us animals is a commonplace. As a human 
experience it is universal. That it may be graded in intensity up to a critical 
point is acknowledged ; that it may be overwhelming and suspend function 
is commonly observed. In our researches \yv used many animals, and found, 



i :(^' . _ . 


^^^H 


^ 


^ 


\ ' .«!^ - '2.. 








■^■:v- :. ■■-^■r" . 










* 






" ., 






--.» «■ a - «.- 


: * 






■1^ -. »f . 


/ 








' 






■^#'- c 








*i/- ■ s. V * 








«* =■- 








> -. » 








» " 


t 






\ w r. 








* c» 








" ,. - » 








»? e '-' ^ 












/ 




- -d - \ 








:? ■ ■ \ » • 














/ 




" -, 


.. 'S'- ■ 


.. n 



Flc. 40.— I'lllr,! (il I'llcclnr DiM-hai-;.' nil till' llialii ( lUn lif ail |-;iirl iir l-'i,|i. 

.\, S.-ctiiili .if llnMiLll r(avl,rlllini of li, Scctilin (if (■(■rcbrlllim (if l-lcrl lii- 

an clrrliic li^h I itIOl. lis] i a f t ll' 1 1 i -^i -liii i-.i^i.- ( .tlOK 

Xii(.' I lie L'riicial ili-ia|i|icaraiiir nf i-lii(iiiia(ir iiialnial ami tlic aliimst ciitu'c 
i!i-iiil (L'rat inri (if s'liiic I'liikiii jc la-IU -iiidicatcil l'\ arrnw ^ -in )'., as ci aiijiariMl 
V itli the (Ictinilcly .mtliiMil .clU i.f A. 

as Coliiiiel J\Iott ' has concluded, tliat thi' enidlne response is i-)ne of the most 
powerful of which the organism is capable. Emotion causes a mori' ra])id 
exhaustion than is caused by exertion, or by trauma, excepting extensive 
mangling of tissue, or by any toxic stim\dus exce)it the perfoiation of viscera. 



' .M(Jtt, !•'. \\'. : ))■((,■ lY. »/o«,.s ,(»./ ,^h,ll iilnxl:, VJV.X 
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Flc. .".(J. -iriHiirdiatr ami Luto K|-lr.;ts i.t Kii;„Hit nil Ihu (.'.jn.-biinu, MnluUa, aii.l 
CVrvioal Cord of a Rabbit. (Ki<iin camrta luciila di'aw iii^'s. I 

A. Srctioii (if normal cen-bnuii of a ralibit. 
}i, St'ctiun nf normal ct'r\"ical cord of a rabbit. 

C, Section of normal medulla I'f a rabbit. 

D, Section of cerebrum of a raV)bit killeil immediately aftt-r one seam-e of fri;^'bi. 
K, Section of (.-ervir-al cord of a rabbit killed after one neance of fright. 

F, Section of medulla of a rabliit killed imme<:liately after one seance of frii^Iif. 
O, Section of cerebrum of rabbit killed six hours after one seance of fii;^'lil. 
H, Section (»f medulla (jf rabbit kilb-d six hours after one seanee of frigiit. 

Note the hyperehroniatic condilirai in H, I^. arul V — the uinuifJinfr results of 
friglit, and compare \\ith the lo^s of chromatic material in <.J and H — the late 
results of fripjlit. 
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I'l... .".I. Et\\'r\ ,,t l-'lluhl, A-lllr and (1llM,,|r. n|| 1 1 ic 

r.iain-( rll- Ml ,, l; il.liil. 

A. S.TlHili nl IMHlnal rrivlirllniii I',, ,-^r r| , , , i, , ,| r, | , ■ I irll 1 1 1 1 1 u f 1;,! ,1 M I 

.if nililiil ( .■till). Uillcil inirar.lialrl.N all. i- ■_'.'. 

Illlllllirs .,f Irialit (' ;-!IOl. 
C. S.'rlidlMil (a irl.rlh f Hlliliil K, Srrlinil .i| I hMtI irl 111 1 1 1 l.f l'ali>iit 

alU-i'-lll iniiinlr^ ,,f fii-lil. fi i>;lil (ai.-.l I w iec- a ilav h.r 

kiUfil afl.a- •_", iH.ni- ..f ivst I \m . \i .■,■k^ ( Hid). 

( :■. :?10l. 

Ill I! Illr lir-l rllrrt ol' Ill-Ill is srrll ill llli: ll yiirivll ll iluat ic 

iniHliliiiii uf till' I'lirkiiiir itII,; lliis sta;,'.; cil stiniiilatinii or 

luulall-all I .iirrm- 1,1 inr.'l llir iiiriTasnl ilfliiaml nl an 

cliirl;.;! my lirlil;^ lollciwr.l liy rliiMiiii il nly.^is nl' ilisa)i|iraiaiicr of 
Nisul siilislaiiiT, .■\iilrnl in' III, • i-lU of ('. In I) I he laslini; 
eBVfts nf ii-|watr(l fn^lil arc M_-rn In tlio lli^li ]"arrlitaui- ut 
fati^ninl anil rxliausi erl rrlls. 
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Api>arcntly in hh\h, in particiilai', tlir rnmlioiKif k-ar ina\' iiistaiidy overwhelm 
•the organism, as when a bird is unexpeetedly eonfirmted hy a, snake. 

In nietabohsm oliservations made in our lal)oratory by Major R . 1). Mihier, 
the emotion of fear increased the nietabdhsm of rabbits fiom (en to twent}^ 
per cent . ; 




A B 

Fig. ."c'.— Eticrt nf Rrpratnl Fri-lit (.n tin- Livfi' ..f a It il.liit. 
A. Srction of iioi'iual \iv>jf uf B. Srilinn cf liver ni a ralil>it wliifli 

a rabbit. . lia.I bren fii>;htt'iK-il fur l'O 

iiiinutrs (l.iih- for 4.') rait fti 4s 
.lays. 
Note thu loss of oytO])lasni ami of iiucb.a, tin.' swollrn rflls ami the 
vacuolated spaces in B. 

(From ]iliot.jiiiirroi,'r;.|ilis, ir,4ll.) 



In our experiments, fear caused pr(.ifound changes in the cells of tlie brain, 
the liver, and the adrenals (Figs. 50-54) : in some cases the blood «as acutely 
acidosed ; in some cases albumin and sugar appeared in the urine ; the adrenalin 
output, as has been demonstrated by ('aiin(jn, A\as increased (Fig. '>■)); the 
electric conductivity of the brain, the liver, and of otiier organs was altered. 
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Fi.;. y.V -Kin-rt Ml i;r|„.;,i..l l-'iit^lit ,111 tl,r A.li.'iiaN (,l a I'.aU.it. 
A ami 1 ', Srcli.iii i>f normal ailinial nf a laliliit. 
I; aii.l I), Si-.-l 1,111 ,,f a.lrviial nf a rat.l.il which hail he ii f i iL.'hu-ii.(l f.u- l'i 

niiriiili-s rlally for 4') out of 48 ilav-. 

In 11 anil ]> not,- th.' loss of rytoplasrii ami of mi,;k-i. 

I A and I; from pholomhrof^'raplis, ■ S.'i. ) 

((_' ami JM'nim photomicro;;raphs, 1640.) 
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111 short, our researches have shown that the emotions drive the organism 
mth extreme intensity ; that, like trauma or exertion, emotion may drive the 
organism within the limits of normal response, or so overwhelmingly as to 
suspend the normal functions and reduce the individual to a state of complete 
cold prostration. In other words, emotion may cause exhausiion ; it may 
cause shock. 
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Fig. 54. — Comparison of Differential Purkinje Cell 
Counts in Normal and in Friglitened Rabbits. 

This chart shows that fear causes an increase in 
the number of active cells immediatelj' after fright, 
which is followed by a decrease in the numlier of 
active cells, a corresponding increase in the number 
of fatigued cells, and an increase of almost 10 per 
cent, in the number of exhausted cells. After re- 
peatedlj' frightening rabbits the clinical observation 
that they soon became accustomed to being frightened 
is consistent with the fact that no more than 10 per 
cent, of exhausted cells were found. 



INFECTIONS, TOXINS, FOREIGN PROTEINS, ANAPHYLAXIS 

In our experiments we found that one effect of the intravenous injection 
of a foreign protein or of a toxin was early hyperchromatism of the brain-cells 
followed by chromatolysis. The histologic changes thus produced in the brain, 
the liver, and the adrenals could not be distinguished from the changes present 
in any other type of exhaustion (Eig. 56). 
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Fig. 56. — Effect of Diphtheria Toxin on the Brain, 
Liver, and Adrenals of a Rabbit. 

A, Section of normal cerebellum. 

B, Section of cerebellum after injection of 

diphtheria toxin. 

C, Section of normal liver. 

D, Section of liver after injection of diphtheria 

toxin. 

E, Section of normal adrenal. 

F, Section of adrenal after injection of diph- 

theria toxin. 

(A and B from photomicrographs, x 310.) 
(C to F from photomicrographs, x 1040.) 
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Studies by Camion's method showed that the presence of a foreign protein 
increased the output of adrenahn (Fig. 57). The effect of adrenahn alone in 
causing the phenomena of fever ^^ill be considered elsewhere ; at this pointy 
however, it is of interest to note that morjihin not only prevented the increased 
output of adrenahn (Fig. 58), but also measurably protected the brain, the 
liver, and the adrenals against iiistologic changes (Fig. 59). These observations 
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Fig. .57. — Tracing Showing KHect oi Tregnancy on tlie Adrenal (Jutput of a Cat. 

(Cannon Test. ) 

That the adrenal glands are activated during pregnancy is positively demonstrated Viy 
this sharpj inhibition of the contractions of intestinal muscle when the l)loo<l of a pregnant 
cat is substituted for normal blood. 



are in harmony with the protective effects of morphin in the presence of 
infection as seen by the clinician. 

As for the response to lighter doses of foreign proteins, there is increased 
energy transformation manifested by fever, just as the response to hght trauma 
is increased energy transformation manifested by muscular action. If the 
physical injury or the toxin be overwhelming, then the opposite state is pro- 
duced—prostration, subnormal temperature. These antithetical rcsuUs may 
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Fig. 58. — Tracing Illustrating Protective Ett'ect oi Morphin in Anaphylactic Shock, 

(Cannon Test. ) 

In the upper tracing the adrenalin which appears in the blood as a result of anaphylaxis 
inhibits the contractions of the intestinal muscle (B, upper tracing). 

The lower tracing shows that the injection into a morphini.sed animal of beef serum, which 
in the normal animal would have caused a strong anaphylactic reaction and a greatly increased 
output of adrenalin, causes no increased output of adrenalin, as is evidenced by the contrac- 
tions of intestinal muscle as in normal blood (B, lower tracing). Since morphin acts directly 
upon the brain, this experiment evidences not only the protective effect of morphin but also 
the dependence of the adrenal upon the brain for its activity. 
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be interpreted as follows : — In the case of intense stinuilation — whether by 
trauma or b}' toxin — the brain-cells are so overwhelmed and their dehcate 
responsive mechanism is so disturbed that they can do no work. This ultimate 
condition is shock. Morphni has the power to moderate or prevent the effect 
of this blow, hence the remarkable protective value of large doses of morphin 
in the presence of overwhelming stinndation, whetlier traumatic, toxic, or 
anaphylactic . 

HEMORRHAGE 

hi sudden death from volume hemorrhage, such as follows the division of 
tlie aorta, no histologic clianges ^\ere seen, but when the liemorrhage was more 
protracted, especially if a state of low blood -pressure persisted, there appeared 
cj'tologic changes in the bi'ain, the Mver. and the adrenals identical with those 
found in other forms of exhaustion. Hemorrhage was always accompanied 
by acute blood acidosis, and by an increased output of adrenahn. Hemorrhage, 
therefore, is sjaacrgistic with other causes of exhaustion. 



COLD AND WET 

That depression and fatigue result from long exposure to a humid atmo- 
sphere, and from wearing damp and wet clothing, especially in cold weather, 
is a common experience. Sir Almroth Wright ^ has found that exposure to cold 
produces acute acidosis in rabbits. Li a limited number of experiments in 
which rats were kept in cold water for varying periods of time, the rats became 
exhausted, though it was of course impossible to judge to what extent the 
exhaustion was due to the inniiersion and to what extent to exertion. AVhat- 
ever the cause, however, ^^x^ found the same cytologic changes in the brain, 
the liver, and the adrenals as those found in exhaustion from other causes. 

STARVATION 

The chnic supplied us with examples i)f exhaustion and death due to 
the effects of inoperable, obstructing malignant tmnors of the stomach or 
oesophagus. Examination of the brains of these cases showed the tj-pical 
changes of exhaustion. 

ASPHYXL\ 

In cases of suboxidation and asphyxia the outstandnig phenomena are 
diminished voluntary muscular acti\'ity and diminished mental activity. In 
contrast, however, there is increased resjiirulory activili/. If our explanation of 

1 Wrii/ht, A. E., :iih1 ('(.li.'l.rtiuk, L. : L,ijn;t, 19is, i, 763-7(J,5. 




Fig, 59. — Comparative Effects of Diphtheria Toxin and of Diphtheria Toxin phis Moiphiii 
on the Brain-Cells, Livers, and Adrenals of Poabbits. 

A, Section of normal cerebellum. 

B, Section of cerebellum after administration of diphtheria toxin. 

C, Section of cerebellum after administratioTi of diphtheria toxin plus morphin. 

D, Section of normal liver. 

E;, Section of liver after administration of diplitheria toxin. 

F, Section of liver after administration of diphtheiia toxin plus morphin. 

G, Section of normal adrenal. 

H, Section of adrenal after administration of diphtheria toxin. 
I, Section of adrenal after administration of diphtheria toxin plus riior[.hin. 
(A to C from photomicrographs, ■ 310.) (D to I from photomi.'rcigiaiihs, - lt>40.) 
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these phenomena is that they are due only to the want of oxygen, then why 
is not the activity of the respiratory system diminished also for the same 
reason 1 

Li our experiments wo found that asphyxia produced brain, hver, and 
adrenal changes of the same type as those produced by trauma, by emotion. 







B 



C 



Fii:;. CO.— Conip.'U-ativc Kticets df Ether ami nf Xitruus (Jxid uii the I!raiii-CeUs of Dogs. 

Section of normal cerebellum B, Section of cerehellum of dog C, Section of cerebellum of dog 
of dog ( X 310). after the continuous ad- after the continuous ad- 
ministration of etlier for ministration of nitrous oxid 
tour hours ( -. 310). for four hours ( :■- 310). 

Compare the liypochroraatic and disorganised a]ipearancr of the Purkinje cells in B with the 
hypereliromatio I'urkinje cells in C. 



by exertion, by insomnia. We found also that, like tlie other causes of ex- 
haustion, asphyxia caused an mcreased output of adrenahn.and acidosis of the 
blood. Thus, like results \\ere produced in the one case by want of oxygen, 
in the other by excessive oxidation. 

Li aviation and mountain climbing at a height where the oxygen is rarefied, 
in poisoning by phosgene gas, in any case in wJiich there is diminished rather 
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than excessive oxidation, the oxidation balance may be disturbed and ex- 
haustion established. 

ANESTHETICS 

The exhaustion following chloroform and ether anesthesia suggested a 
research to determme whether or not these anesthetics caused demonstrable 
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Fig. 61. — Comparative Effects of Ether and of Nitrous Oxid on the Livers of Dogs. 

A, Section of the normal liver E, Section of liver of a dog after C, Section of liver of a dog after 
of a dog ( ■: lti40). tlie continuous administra- the continuous administra- 
tion of ether for four hours tion of nitrous oxid for four 
( X 1640). hours ( x 1640). 

Although the conser^'ative effect of nitrous oxiil is not as evident in the liver as in the adrenals 
or the cerebellum, yet here alsf.i the disappearance of cell substance and of nuclei is mucli more 
marked in B than in C. 



lesions, or whether the resultant exhaustion was due merely to the retention 
of the anesthetic substance in the organism. We therefore subjected dogs 
and rabbits to prolonged ether, chloroform, chloretone, and nitrous oxid 
anesthesia. In collaboration with Dr. Menten, we found that these inhalation 
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anesthetics caused acute blood acidosis ; that after four hours continuous 
ether, chloroform, or chlorctone anesthesia, marked histologic changes appeared 
in the brain, the hver, and the adrenals ; that animals subjected to from four 
to six hours of continuous ether anesthesia might die on the following daj' ; 




A 



B 



Fii^ i\: 



-l/oiiiparatiVL' Ellerts ..t l^lln'i- ami ,ii Nitnnis Oxid on tlit- Adrenals n{ H.i^'s. 



A, Section of ncjrmal adrenal B, Section of adrenal of doj^r after C, Section of adrenal of dog after 

of dog ( lti40). continuous administration continuous administration of 

of etlier for four hours nitrous oxid for four hours. 

( ■ IWni. ( X ItUO). 

Note the disappearance of rytoi.lasiii and of some nuclei and the irregular slia|ics of other 
nuclei in ]-; as con^iarc-d with the general conserxation of i-ytoplasm and llic w rll-shaped 
abuntlant nuclei in i_\ 



that the lesions produced by an eqiml continuous period of nitrous oxid 
anesthesia were negligible as far as the brain was concerned, though certain 
changes appeared in the liver (Figs. 00-62). Tiie contrast between the brain- 
cell changes produced by ether and those produced by nitrous oxid was 
striking. 
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ELECTRIC STIMULATION 

What is the cause of the suspension of function which is sometimes seen 
as a result of heavy electric shocks in accidents to workers in electric lirrht 
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Fli_; 63. — Effect of Electric Stiimilation of the Spinal Cord on the Cerebellum of a Dog. 
A, Section of normal cerel)cllurn of do^. B, Section of cerebellum of dog after electric 

.stimulation of the .spinal cord. 

Compare the disintegrating Purkinje cells in B with the intact cells in A. 
(From photomicrographs, ■: 310.) 

plants, or in the impaired vision which results from excessive stimulation of 
the optic nerve, as by a flash of lightning ? Does excessive electric stimulation, 
like excessive traumatic, excessive emotional, or excessive toxic stimulation, 
overwhelm the nerve-cells and cause comparable jii.stologic changes ? 
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Experiments showed that prolonged electric stimulation of the nerve 
supply of organs caused an increase in function ; that excessive electric stimula- 
tion caused a suspension of function : that sufficiently intense stimulation, 
as in electrocution, produced disruptive effects in the central nervous system ; 




ABC 

Fic. r;4.— The rrotective Effect on tlio Brain-Cells of a D(jg of Injeetions of an 
Alkali after Double Adrenalectomy. 

A, Section of normal cerebellum B, Section of cerebellum of a dog C, Section of cerebellum of a do^^ 
of a dog (:. 310). after double adrenalectomy after double adrenalectomy 

( ■ 310). followed by injections of 

sodium bicarbonate ( x 310). 
Note the disintegration and disappearance of Purkinje cells in B, and the normal intact con- 
dition of the Purkinje cells in C. This and the following tigure demonstrate the neutralising^ 
function of the adrenals. " 



that prolonged electric stimulation of the spinal cord or of the cortex of the 
brain caused brain -cell changes of the same type as the changes seen in 
exhaustion from other causes (Fig. 63). 

Electricity, hke trauma, like emotion, like toxins, within a certain range, 
may stimulate and cause physiologic fatigue ; or, in excess, it may overwhelm 
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the brain-cells and interfere with their function. That is, electric stimulation 
may cause exhaustion ; it may cause sliock. 

EXCISION OF ORGANS 

In order that some light might be thro-ftii upon the relations of certam 
organs to the braui, a series of experiments was performed to determine the 
effect of then excision. 




ABC 

Fig. 65. — The Protective Effect on the Liver of a Dog of Injections of 
Alkali after Double Adrenalectomy'. 

Section of normal liver B. Section of liver of a dog 
of a dog ( ■ 1640). after double adrenalec- 

tomy ( X 1640). 



C, Section of liver of a dog 
after double adrenalectomy 
followed by injection.s of 
sodium bicarbonate { ■ 1640). 



Note the disappearance of cytoplasm and of nuclei from B as compared with the normal 
and numerous nuclei and the conserved cj'toplasm in C. 



Excision of the adrenals and the injection of adrenalin. — Excision of the 
adrenals is known to be followed by a progressive fall in the body tempera- 
ture and progressive exhaustion until death. Histologic examination showed 
no stage of hyperchromatism after adrenalectomy, but a progressive chromato- 
lysis of the brain -cells and of the cells of the hver. 

If, after the adrenals were removed, the animal was subjected to one of the 
causes of hyperchromatism in a normal animal, such as strychnin, phj'sical 
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injury, foreign protein, etc., no hyperchromatic stage appeared ; on the contrary, 
notliing seemed to alter the course of the progressive c;\i:olysis of the brain -cells. 
Adrenalectomised animals succumbed far more readily to traumatic shock 
than normal animals. Adrenalectomised animals were more depressed by 
ether, and made a slower recovery from ether anesthesia than normal animals. 




A 



B 



C 



Fi. 



Ilti. — CcniparMtive l^^HVots (if Kxcisicin of the Aihenril ^tLuuIs and <tf Excessive 
Ailministration c.f Adrenalin on the Brain-Cells (if Dngs. 

A, Seetiun of normal cerebellum V>. Section of cerehelhim uf dog C, Section of cerebellum of dog 
of a dog ( .< 310). after adrenalectomy ( X 310). after repeated injections 

of adrenalin ( x 310). 

The disastrous efl'ects of ^vithdra^^■ing adrenalin from the kinetic system is apparent in B in 
the extensive loss of chromatic material in all the cells, the cellular disintegration of many and 
the almost complete degeneration of some cells. The effect of a continuous activation of the 
system by the excessive administration of adrenalin is strikingly shown in G by the large number 
of hyperchromatic cells, together with the evidences of exhaustion and disintegration in some 
cells. These effects are similar in kind, and analogous to the effects produced by withdrawing 
thyroid secretion or by administering excessive doses of thyroid extract. 



In adrenalectomised animals, blood acidosis did not appear until just before 
death. After adi'enalectomy, death was somewhat, but not strikingly delayed 
by the administration of large amounts of sodium bicarbonate (Figs. O^and 65). 
.Sodium bicarbonate prevented the development of acute ulcer of the stomach 
which occurs after double adrenalectomj'. 

In another series of experiments we administered excessive doses of adrena- 



PHENOMENA OF EXHAUSTION 



79 



lin intra venoiisl}', subcutaneoush', in the gall-bladder, in tlie jjeritoneum. 
It was given by itself alone and with oil, in single and in repeated doses. 
We fonnd that adrenalin causes an immediate rise in temperature ; tliat it 
causes an immediate leucocytosis (Mosiman) ; that it causes first a marked 
hjrperchromatism of tlic brain-cells, followed by a later chromatolysis (Fig. 66); 




Fig. 07. — Effect of Hepatect(jmy upon the CV-n.'bfUum. 

A, Normal cerebellum. 

B, Cerebellum of aiiimal upon wliioh hepatectomy has Ijeen performed. 

(From photomicrographs, ■ 310.) 



that it causes changes in the cells of the hver similar to those in the brain- 
cells — first, a markedly increased stainability, followed by edema and chroma- 
tolysis. Repeated excessive doses of adrenahn on successive days caused 
emaciation, exhaustion, and changes typical of exhaustion in the cells of the 
brain and the liver. 

Excision of the Liver. — Excision of the liver was followed by a rapid 
decline in muscular power and in heat production until death, which in most 



so 
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instances occurred within a few hours. Histologic studies showed extreme 
chromatolysis of the bram-cells and dismtegration of the cells of the adrenals 
(Fig. 67). Just before death, the H-ion concentration of the blood increased 
rapidly. 

Thyroidectomy and Excessive Thjroid Feeding — lodism. — Animals m 
myxedema showed brain-cell changes typical of exhaustion (Fig. 68), and 




Fig. 68. — Ettoet of Thj-roick-ctomj' upon the Cerebellum. 

A, Normal cereljelhuu. 

B, Cerebellum of animal upiin \\iiio.h tliyroidectomy had been performed. 

(From phiitomicrijgraphs, 310.) 



excessive thyroid feeding also caused exhaustion and similar cji^ologic changes. 
Examination of the brains of cases which had died of exophthalmic goiter 
showed a similar picture (Fig. 69). Acute iodism induced by the injection of 
iodoform into the peritoneal cavity produced a like serpience of clinical 
symptoms and histologic clianges (Figs. 70-72). 
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Fn;. G9. — UitiLTential I'urkiujr i\A\ fuunt.s. Kxuphtlialriiie Goiter. 
Tht' chart reprt'smts tlii_- avrruL'''' 'Ifiived from five clinir-al caHrs;. 




A B 

Fl';. 70.— i:rti-ct (if Id.loform uii the ISiaiii-OUs of a Dug. 
A, Section f)f nmmal oeri'lielliirn of B, Section of eerebuUura of il(jg 

clog ( 310). after repeated injections (jf 

iodoform ( 310). 
Xute tlie general disappeatanci- of cliroraatic material from tlie cells of 1), 
as coniparerl \\itli the deeply stained, intact cells of A, 
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COMPARISON OF THJC EFFECTS OF EXHAUSTION IN VARIOUS 
SPECIES OF ANIMALS 

Most of the inve.stigations summarised above were made with dogs and 
rabbits, but certain correspondmg studies were made in a wide range of species. 
We applied sliocli or exhaustion-producing stimuU to birds, to reptiles, to 




A B 

Fh:. 71. — l';ilrct nf Imluluriii im liii- Lhrr of a Do^. 

A, Sectinn i>f iiiiuiial livrr df liciu' E, Srrtinn (if livev nf ilny after iriiratuil 

( 3KII. iiiiei-tiniis of inll(if,u-m ( X 31UI. 

Xnti; tlif cxtensixe \acuolalL-tl aruas^ ami tliu ilisa|ipt.'a!aneL- nf iiur-lei in J>. 



])<)rcupines, to armadillos, to sl<unlcs, and. as \\(' have described in another 
section, to salmon and to electric iisli. "We found in every instance the same 
cycle of changes — t]>v same histi^ilogic evidence of exhaustion, 'jirovicJed and 
(iliriii/s ■jiriiriilcil tliat tlic .■niimal li\'c(l for two or more liours in sliock or cx- 
Jiaiistion bcfdie tile spcciiiiens i|\'crc secured. One es])ecially valuable set of 
observations was made of hibernating Moodchuclvs vhich liad bci'U m akened 
anil immediately frightened by dogs. The I>rain-cclls of the liibernating 
aiiimals were tlie most perfect anc found in any animal — a significant observa- 
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tion in view of otlier evidences of tlie proleetive and restorative power of 
sleep. Tiie brain-cells of the woodchncks subjected to fear showed the typical 
cycle of exlianstion (Figs. 73-70). 

Finally, to all these laboratory data we added studies of human material in 
exhaustion from disease, from injurj', and from the various stimuli of war 
(Figs. 77-82). 




l-'l.:. 72.— KHitI .if Inilufnllli nil tl)r Aiht'liiils iif a ]).i,l'. 
A. Section of normal advenal of dog ]>, Suftion of adrenal of diiL' after repeated 
(x 1640). injections of ii.diifnriii ( ■ HUO). 

Note tlie widespread Inss of r-ytnplasni and the vaeiiolisatinn nf some cell-; in ]'. 



VII. Exhaustion and Shock-Producing Effects of Various 
Agents as Evidenced by Changes in H-ion Concentra- 
tion and in Reserve Alkalinity 

H-ION CONCENTRATION 

Experiments in collaboration Mitli Dr. .M. L. :\Ienlen ^ sliowed that the 
H-ion concentration of the blood was increased in every type of intense, 

1 Menten, M. L., and (Jrile, (i W. : Jui. J. Pliysijl., lijir., xxxviil. 225-23'2. 
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Fn;. 7.S. — KlVrrt ni Rrpratc.l Fri.L'lit 1.11 tliu < VnAxjllum uf a W.iu<lolmr-k. 
A, Section nf rrri'iirlliini of liilnc- I!. Srrtiim of otTebcllum cif woodchuck 
natini; w (H.ilcliuck ( 'MO). showing effect of extreme emotion 

(fri-ht) ( ■. 310). 
Note the almost coniplrt'.' tli'-:apiieaninrt.' of I'urkirije erlls in B. (See aiT(.)"\vs.) 
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Ilibcriiatiiig and in i''riglilciK'il WuijilfliurkH. 



PHENOMENA OF EXHAUSTION 



85 



overwhelming activation — by intense exertion, by intense emotion, by intense 
trauma ; it Avas increased also by inhalation anesthesia, bj? hemorrhage, by 
asphj'xia, several hours after excision of tlie liver, near tlie ileath-point after 




Vii:. 7.J.— Latu Ellucts of IV-ar on the Ci.iL-ljriiiii ni u Wuudclmrk. 

A, Section of eeivlirum of liilieriiHtinL; wooilclnnk, 

B, Section of cerebrum of a wooildiui'k killed four li.mrs after one seance of fright. 

(From iphotomicrographs, 310.) 

excision of the adrenals, and near the point of dissohition, whate\-er the cause 
of death. The H-ion concentration was not increased during sleep, during 
narcosis by opium or its derivatives, during prolonged insomnia, nor tmtil 
near the death-point after decapitation in animals in which artificial respira- 
tion was maintained. In the clinic we found that the H-ion concentration 
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was not increased in many instances of serions, even fatal disease, s"th as 
infection, exoplithalmic goiter, cardio-vascidar disease, typlioid fever, ilie 
clinical application of these iindings was disa])])ni]iting. 

RESERVJ^ ALKALINITY AKD ACU) EXCRETTOX IX THE URINE 
Li collaL.ration with Di's. Crozier. Rogers and Harrison i numerous ob- 
servations on the reserve alkalinity of the hlcod were made by the ^ an Slyke 




Ki>:. 7li.— EIR-lI nf diH' Sraiiec (if Fii,i;lii "U llir .Mr.lnllii of ;i \\'nij(b.hui'k. 

A, Section of inrdiilla uf a liilinnaOn^ « nMildmrk. 

B, Section of nieilull.i "1 a liiylitrin-.l « Irlinrk. 

Xntr Uh- mil. Tally disorganiseil a|i|iraiaiice of the cells in B. 

( I'" II an camera Imiila iliawinns. ) 

method, and on the acid excretion of the urine by the method of L. 
J. Henderson. \Vc fnuud varying degrees of reduction in reserve alkalinity 
and alterations in the acid excretion in the urine in animals in shock, nnder 
inhalation anesthesia, in infection, in asphyxia, in strychnin poisoning, in 
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liL'inoiiiiagc, in iodofonn poisoning, in cxtTtion, ini-niof ion. As in rtwv nicMsinc- 
mcnts of the H-ion eoncontration in the Ahnv, ^\c t'oinid tlial (lie icscive 
alkalinity was not rednced, nor tlu' acid excretion in tlie nrnie altered, in many 
cases of acntc infections, in exophtiialinic goiter, in gnod (ir in hail risks of any 
kind. 
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Fro. 77. — Effect of Infectiun (Strfptucuccal) on the limin-CfUs of a Human I'.fhi;^, 

A, Section of normal human oei-eViellum B, Section of Imman cerelielluni after 

( 3101. death from inferti.in ! •. 31(1). 

Kolc the marked disintegration of the I'urkmje cells in B. 



In the laboratory of U.S. Base Hospital No. 4 (The Lakeside Unit) in 
France, Major A. X. Eisenbrey and Lieutenant F. De Eds made comparative 
studies of the blood from the longitudinal sinus and from the femoral vein, by 
Martin's titration method, to determine the presence of cJianges in metabolism 
as a primary result of massive injurj'. They found tliat mider nitrous oxid 
anesthesia the alkaline reserve was Jiigher in the blood from the femoral vein 
than in the blood from the longitudinal sinus. With btit one exce])fi<in, the 



<ss 



A PHYSICAL INTERPRETATION ()¥ SHOCK 



lilood taken after a half-lioiii- of trauma showed a liiglicr alkaline reserve in 
both the longitudinal sinus and the femoral vein, i.e. eo)nparrng sinus -nith 
sinus and vein with vein (Fig. S3). 

The question arises as to whether or not the increased alkahne reserve is 
only appart'ut and is due to iiu'reased concentration of the Idood duiiiig sliock. 
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l''ii;. IS. — l-;ilurt cil' Ai-iddsis nn tlir Kraiii-CVUs nf a Human Being. 



A, Sectiun ot nnrmul liuinan < 
( 310). 



lic-llinn 



In Section (»f luiman cerebellum shuwing 
the ettect (if acidosis ( ■ 810). There 
are no active cells present, Ijut faint 
tracer iif the I'urkinje cells arc visible. 



These residts indicate that in shociv the brain sutlers an immediate impair- 
ment, the diminished brain-cell acti\dty being reflected in the reserve alkalinity 
of the blood coming from the brain. Certain deductions from these findings 
will be made in a later chapter. 
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Fk;. 79.— Elffut iii Combint'd Stimuli, chief araoiiH mIiicIi were iiisniiinia, l';\rrti ami l-jiinticin, 

on the Brain, Adrenals, and Liver of a Soldier. (Case I.) 

A, Section of normal cerebolluni. I), Section of cerebellum of soldier. 

B, Section of normal adrenal. K, Section of adrenal of soldier. 

C, Section of normal liver. F, Section of liver of soldier. 

(A and D from photomicrographs, x 310.) (B, C, K, an.l F from photoiuicr.i-iai.lis, 1640. 



'.ID 



A PIIYSK AT, IXTERPRETATIOX OF SHOCK 




J.''ii;. SO. Mill-, I (iT ( 'uiiiImuciI .Stimuli, rliirl ;ininiiL; \\ liirh wimc liiMHiniia, I'Xntion, and Eiiiutiuii, 
■ III the Urairi, Ailrt-nals, ami Liver uf a Sulilirr. (Case 11.) 

A, Seetiiiii of normal cerel)elluni. ] ), Seelinn of ei i rlielliini of soldier. 

B, .Section of normal adrenal. K, Seetion of adrenal of .^nldii r. 

C, Section of normal liver. K, Seetion of li\-.,T of soldiei'. 

(.Van.l |l fniiii ],liiilonder..era[.lis, :ilO,) (IJ, C, K, and F I n.m |ilioti mm lo^r.ipl,.. IfitO. 
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Fir,. 81. — Ktt'pi-t of C'limliined Stimuli, chirf aiiKini,' wliidi wciv liiscmiiii.i, Exritiiiii, ,imi1 liiuntimi, 
un tile IJraiii, Adrenals, ami Li\"er uf a SoMii.T. (Case IJI.) 

A, Section of iKjrraal cerebellum. 1), Section of rerelielluni of soldier. 

B, Section of normal adrenal. 1'^, Section of .iilrenal of .soldier. 

C, Section of normal liver. F, Section of liver of soldier. 

(A and D from photomicrographs, .■: 310.) (1!, <_', K, and ¥ from photomicrogiaiihs, lCi4ll.; 
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Fii;. 8'i. — Ellrct nf { 'nniliiiM'l S nli, rinri Hiiiuin; \\ liicli McLv Ins.juiTiia, I'Aurlinn, uihI Ijiiotiuii. 

(Ill thu iJnuM. Adieiiuls, and ],i\cr nt a Si.ldirr. (('as... IV.) 

A, Seotiiin III" niirrnal i rnlielliirn. J I, Sr. ■timi i.f rrri.-liidUuii nf snl.liur. 

P>, Si'rtiiiii cif iiiirinal ailrtnal. K, Si-itiun nf ailix-iial nf Mililii-r. 

C', Section of noimal li\i.'r. F, Si-ction of Wwr of soliliri'. 

(A and I) from |iliotor,iirr,i;.;iai.lis, rill'.) (P, ( ', F, and V from i.]iotoniiiiou'i-a|.li^, lf.40.) 
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VIII. Exhaustion and Shock-Producing Effects of Various 
Agents as Evidenced by Changes in the Electric 
Conductivity of Certain Tissues 

The lustologk' changes m exhaustion, notably those in tiie brain and in tiie 
liver, led us to expect an alteration in the electrolytic content and consequently 
in the conductivity of the cells. The lirst point was in part determined by the 
prehminary observations of Major Eisenbrey and Lieutenant De Eds, which 
were described in the preceding section. A research to determine tlie second 
point was initiated in collaboration with Capt. G. B. Obear. and has been con- 
tinned in collaboration with Miss Helen R. Hosmer and :\Iiss Amy E. Rowland. 
This research was suggested by the studies of the permeability of hving cells 
which have been made by Osterhout, Galeotti, Lillie, Loeb, and others. 

This research is now in progress. Thus far we Jiave measured the con- 
ductivity of 4798 sections of various tissues from 430 rabbits and 137 chnical 
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Fii;. s;^. — C'lniparatiw- Pcrccntilu Iiiorcapu ni l-{i'sri-\c Alkalinitx' 
in tin- Inceptive Stage of Suigieal Slmek. 

specimens. The tissues have included the cerebrum, the cerebellum, and the 
liver of every rabbit studied ; and in many of them also the spinal Huid, t)ie 
blood, the adrenals, the thyroid, the spleen, the jiancreas. the kidneys, and the 
voluntary and involuntary (heart) muscle. 

After establishing the apparent range of conductivitj- of these tissues, 
especially the brain and the hver, in normal animals, under varying conditions 
— varying lengths of confinement, different seasons, etc., groups of rabbits 
were subjected to exhaustion from various causes — prolonged insomnia, extreme 
fright, physical trauma (surgical shock), infection, hydrochloric acid injection, 
thyroid feeding, iodoform poisoning, strychnin poisoning, prolonged etlier 
anesthesia, prolonged nitrous oxid anesthesia. We have observed als(.i the 
effect upon the electric conductivity of the brain and the liver of the inceptive 
stage of surgical shock, of toxic shock, of strychnin and adrenalin shock. We 
have observed also the effects of sleep and of rest after prolonged insonmia, 
and of morphin in the presence of infection. We have measured the conchu- 
tivityf of the brain and of the liver in fetuses, in new-born and in young rabbits. 
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The pathological tissues measured liavc inehided exoplithalniie goiters, 
adenomata, colloid goiters, malignant thyroids, X-ray burns, uterine hbroids, 
breast cysts, and various types of careinomata and sarcomata. 

Our general liudings may be summarised as follo\\'s : — 

(1) The normal cDndiictivity for eacli of tlie tissues studied can be esti- 
matetl witliin a narro\\- I'aiigt — from one to six per cent.. A\-hile the ehange.s 
typical of exhaustion have \-aried from two to ninety-six )iei i cut. Tlie con- 
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Kiii. S4. — l'ro,t,'[c-;sivi.- ( 'liaiij,'rs in tlu; Ci.niliictivity of the f'nelinim aiul nf tlir r'rirlnUuin in 

l-'i'l nsL-s an>l in Yihui.l,' Rililiils. 

These riiea.'inrenients «-.-iv nrnlr l.et"-f.;n rarly .Ma.v an.l late Jiini'. Iiurinc; tlie-e t w.i 
months a variation in I lie n^anial eMii;|neti\-it,\- i.f Ihe cei'eliiaim ami cerelielluni in ninnial adults 
was noted a.s indieated l>\" tlir dulled lines lai tlie ehart. 



ductivity of normal tissues appears to vary according to the season and the 
general environment — f'.e. length of e(.infincment, etc. 

(2) Voluntary muscle Jias the highest conductivity of tlie tissues studied ; 
the liver has tlie lowest conditctivity. 

(3) The conductivity of flic normal tidult cerebrtim is higher than the 
coiiduetivity of the cerebellum. In fetuses and in very young ralilnts this 
relation is revcrscfl— the conductivity of the cerebellum being higher than 
the conductivity of the cerebi'iim until about tlic time when Ihc A-oiim;; i-alibit 
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leaves the nest and begins voluntary aetivities, wlieu the ikhiiuiI ;iiliih coikIiic- 
tivity relation of the eerebrinn and the eerelxdhim a.pi)ears to he estahlisheil 
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Fii;..sri.— I'cn-Tiitilc V;ifiati<iijsfiuni tlir Xui'inul 
in tin; ( 'itiidn'-ti^it y <if tlir (Jeivlit'lliini ;iiul 
of tin' Iji\"<T in )^xli;iiist ion. 

iS"ntf tlijit in eacli rusr liut one tin- Cdm.luc- 
tivity (if the livt.-r "\\;l.s iiirr<ii.<«il almve the 
normal \rliilc tin- r'(.n(lncti\ ity of llic onvlielluni 
'v^a.s ihrrifis^p'l \)iA'i\\' the normal. 



(Fig. 84). A most significant corollary to this observation Avas found in tlie 
post-mortem examination of tlic brains of two patients, one of wliom died after 
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days of iiiiconsfidusness resulting from a. brain tumor, while the other, who 
died from carcinoma of the stomach, \\'as unconscious to the end. In the 
patient who had l)een unconscious, the rondudivHij of the rereheUiim icas higher 
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Kid. S7. — Itulativi- I'rri-Liitilr Im reast- in t\»j KIri'tric C'liniluctivity (if \'aiiuii,^ 
()L't/aiis iuiil Tissurs I'riiiluCL'il li\ luildtdrni. 



///((// l/iiil ,if the (■: rdrnnii. In the otlicr patient, as in all our normal animals, 
the conductivity of the cerebrum was higher than that of tlie cerebellum. 

(i) The conductivity of the gray matter of the l_)rain is liigher tlian that 
of the white matter (Fig. 85). 
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(5) Exhaustion from any cause — surgical shoclc, insomnia, emotion (fright), 
infection, etc. — is niarlied liy (/ diviinished condudiviiy of tJic brain and an in- 
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Fig. SS. — Percentile Clmn;.'es in tlie Ci)nilucti\-ity of the C'erebrnm and uf tlie 
Cerebellum after A^arying Pei-iutls of SlKjek-l'rodueing Mani|iulation.s. 
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Fi<:. 89, — Percentile Changes in the Conductivity of the Ceiehrnin and (jf the 
Cerebellum at Varying Intervals after the Injection of Diphtheria To.xin. 



creased conductivity of the hver (Fig. 86). With the exception of the hver the 
tendency of all the tissues in exhaustion is toward a diminished conductivity. 
Restoration, in particular when it is accomplislied b\' long periods of rest 

G 
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after insomnia, is marked by an increasing conductivity of the cerebrum 
and cerebellum toward the normal, and decreasing conductivity of the Uver 
toward the normal. 

(0) lodistii. Iodoform increases the conductivitj^ of the brain, liver, spinal 
fluid, adrenals, heart and lungs (Fig. 87). In exhaustion produced by thyroid 
feeding the conductivity of tlie brain decreased and that of the liver increased 
as in exhaustion from other causes. A hmited number of observations of the 
early effects of thj'roid feeding, however, indicate an increased conductivity of 
the brain and also of the liver. 
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Fill. 90. — IV'iijL-iitilu Changi'.s in tlit;. ComUic- 
tivity iif the Cerebrum, of the Cerebelhmi, 
:iiid of the Liver after Single Injection and 
after Repeated Injections rif Adrenalin. 

(7) Iiirljiieiit effects of stiinalaiion. The immediate effect of activation 
appears to be an increased conductivitj' of the brain, tending later to decrease 
as the stage of exhaustion approaches. As the charts indicate, this has 
))een shown to l)e an immediate effect of phj'sical injury ; an early effect 
of the injection (jf diphtlieria toxin ; an immediate effect of the injection 
of adrenalin (Figs. 88-1)0). 

(8) Avtithdic effect.^ of acitl.s and aUcaViv. Tlie injection of hydrochloric acid 
produced diminished conductivity of the cerebellum and cerehriiin mid increased 
conductivity of the liver. The injection of sodium bicarbonate produced 
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increased conductivity of the ccrehellinn and cerchruhi and. decreased conductivity 
of the liver (Fig. 91). 

(9) Restorative effects of sleep. Rabbits were kept awake continuously tor 
96 hours. At tlie end of tliis period a number were killed and conductivity 
measurements made ; others were allowed a brief period of rest ; others a longer 
period of rest of from four days to a week. At the end of the insomnia period 
the conductivity of the brain was decreased, and the conductivity of the liver 
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Fic. 91. — Antithftic Effects iin the Cijiiduc- 
tivity of the Cerebrum, of the Cerebellum, 
and of the Liver Produced Viy Acid Injec- 
tinn and liy Alkali Injectinii. 



was increased ; at the end of the short period of rest, the conductivity of the 
brain and of the liver was but little changed, if at all ; at the end of the longer 
periods of rest, the brain and the hver were again approaching their normal 
conductivity (Fig. 92). 

(10) Protective effects of morphiu. A limited number of observations in- 
dicate that the changes jjroduced by infection are minimised provided the 
infection is applied in the jji'esence of morpliin ; that is, infection alone de- 
creases the conductivity of the brain and increases the conductivity of the 
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liver ; in this limited series of observations the conductivity of the brain 
remained practically unchanged wlien diphtheria toxin was administered in a 
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Fici. 92. —Restorative EllVrt of Rest and Slr,p un the Brain- 
Cells as Indicated liy Klcetiic Conductivity .Measurements. 
(Percentile Variations. ) 



NOR/ViAL 
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Flo. un. — I'lotective Etiect of Morphin in the Presence of 
Infection as Evidenced l;>y Electric Conductivity 
Measurerucnts. (Average Variations.) 

morpliinised animal, and the conductivity of the liver was but slightlj' altered 
(Fig. 93). 
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(11) Pathological studies. In the pathological specimens studied, active 
maUgnant growths have a high conductivity in comparison with the inactive 
portions of the same growth, and with growths of a non-malignant type. 

From our findings to date, it would appear that the intracellular changes 
in exha^istion and shock which are revealed by the microscope are paralleled by 
alterations in electric conductivity, and that both the histologic and the electric 
changes bear a direct relation to the vitality of the organ . 



CHAPTER II 
THE MECHANISM OF EXHAUSTION 

We shall now proceed to a discussion of the mechanism of exhaustion, based 
upon the summaries in the preceding chapter. 

The man in acute shock or exhaustion is able to see danger, but lacks the 
normal nuiscular power to escape from it ; his temperature may be subnormal, 
but he lacks the normal power to create heat ; he understands words, but 
lacks the normal jjower of response. In other words, he is unable to transform 
potential into kmetic energy in the form of heat, motion, and mental action, 
despite the fact that his vital organs are anatomicallj^ intact. His mental 
2)0ATer fades to unconsciousness ; his ability to create body heat is diminished 
until he approaches the state of the cold-blooded animal ; the weakness of the 
voluntary muscles finally approaches that of sleep or anesthesia ; the blood- 
pressure falls to zero ; most of the organs and tissues of the body lose their 
function. 

It is evident, therefore, that in exhaustion the organism has lost its 
self-mastery. Self-mastery is achieved only bj^ the normal action of the 
master tissue — the brain, hi exhaustion, then, is the brain primarily ex- 
hausted ; or has some other tissue or organ functionally broken doA^Ti, and has 
that breakdown carried with it exhaustion of the brain ? If the latter, then 
what organs and tissues are vitally necessary to the brain for the performance 
of its function ? Obviously, the exhaustion of any organ or tissue not vital to 
the performance of brain function need not be considered, since it probably 
would not be a direct cause of acute exhaustion. 



I. Tissues and Organs Which Bear No Immediate Relation 
to the Problem of Acute Exhaustion 

Among the tissues and organs that are not immediately vital to the brain, 
witliin the period of death from acute exhaustion, are the bones and joints, 
the connective tissue, the neutral fats, the skin, the genito -urinary system, 
the digestive system, the gall-bladder and ducts, the lympliatic vessels and 
glands, the saUvary glands, the spleen, the sweat glands, the pancreas, the 
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thyroid, the thymus, the organs of conmioii sensation, the nails, the hair. 
Want of activity of any of tliese organs or tissues individually or collectively 
cannot produce acute exhaustion in the sense in which that word is here used. 
That is to say, a man in exhaustion from the injury and the struggle of battle 
would not be restored if he were given rested eyes, rested ears, rested sweat 
glands, rested spleen, rested genito-urinary system, rested digestive system, 
rested bones and joints, rested connective tissue, rested skin, rested gall-bladder, 
rested fat. 



II. Tissues and Organs whose Failure of Function may 
produce Acute Exhaustion 

The tissues and organs whose failure of function may cause acute exhaus- 
tion are the respiratory system, the chculatory system, the blood, the muscles, 
the adrenals, the liver, and the brain. 

RESPIRATORY SYSTEM 

Relation of the Respikatoey System to Shock and Exhaustion 

The faihu-e of the respiratory system to dehver sufficient oxygen to the 
blood, or to take sufficient CO, from the blood, exhausts and kills promptly. 
Failure of the respiratory system is not a universal, not even a common cause 
of exliaustion, for hi the great majority of cases of exhaustion the respiratory 
activity is even mcreased, and there is no interference in the lungs with tlie 
excliange of gases. The interference with the pulmonary mechanism of au' 
exchange that may cause exhaustion is most connnunly produced b}' edema 
of the alveolar walls ; by pulmonary embohsm ; by the exudations of 
pneumonia ; by fat embolism ; by the inhalation of water, or pus, or free 
blood ; by excessive pleural effusion ; by emphysema ; by hemo- and pneumo- 
thorax. In each of these conditions there is interference with the intake of 
oxygen and the ehmination of carbon dioxid which may be sufficient to cause 
exhaustion and death. 

Theories Regarding the Relation of the Respiratory System 
TO Shock and Exhaustion 

Fat Embolism Theory 

RoswellPark ^ first suggested and Bissell demonstrated the presence of fat 
embolism in the lungs of patients who were diagnosed as bemg in surgical 
1 Park, Roswell : Nr,r York M. ./., 1884, xl. 177-181. 
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shock. Porter ^ has extended Bissell's - observations into an inclusive theory 
of shock. He concludes that shock is due mamly to diffuse fatty embohsm 
of the lungs. There are several fact,s that apparently are not harmonised by 
the fat embohsm theorj^ 

(a) 111 cases of abdominal penetration, if there is no perforation of the hollow 
viscera and no hemorrhage, there is little shock ; if there is either perforation 
or hemorrhage, or both, there is shock. Since, in either case, the same fat 
areas have been traversed, it follows that the traversing of the fat was not the 
determining factor. 

(b) In emotional shock, so common in battle, it is diiilicult to assign to fat 
emboli a causative role. 

(c) In shock from burns, the diificulty is no less. 

{d) In shock from chest and head injuries, it is almost as difficult to assign 
a causative role to fat emboh. Many other examples may be cited. 

On the other hand, surgical literature contains many accounts of the 
presence of fat emboh in fracture cases — especially fractures of the long bones, 
and these cases show no shock at first, but later develop a train of sjmiptoms 
resembhng shock. 

Wiggers ^ performed a series of experiments to determme whether the 
mechanism which causes failure of the circulation after the intravenous in- 
jection of oil is the same as that which causes circulatory failure in sm'gical 
shock. He concluded that circulatory failure produced by fat emboh must be 
distinguished from ckculatory failure clue to surgical shock. The conclusions 
of Wiggers are in more complete accord with surgical experience than those of 
Porter. With respect to the CO2 treatment which Porter* proposes, on the 
theory that the increased action of the diaphragm caused by the CO2 would 
force the fat emboli out of the capillaries into the free cmculation, it would 
obviously be difficult to determine how much of the chnical result might be 
due to poohng of the blood in the abdominal veins, for which Porter advises 
CO2 inlialation, and how much to pulmonary fat embohsms. for which also 
he advises CO2 inhalation. That is, would the clinical result be due to the 
pumping of the blood out of the abdominal vessels bj?^ the increased respiration 
induced bj' the inhalation of COo, or to the driving of the fat out of the lungs ; 
or would it be due to the rehef of acapnia (Henderson) ? But since in practice 
the CO2 treatment has yielded no advantage to the patient, this point will not 
be pursued further. 

' Porter, W. T. : Boston M. rnul S. J., 1917, clxxvi. 248 ; 1917, clxxvii. 326-327 ; Fro,:. Inst. 
Meil, 1918, ii. 24-29 ; NeAo York M. J., 1917, cvi. 894-895. 

2 Bisseli, W. W. : J. Am. M. Ass., 1916, Ixvii. 1926-1928 ; Sunj. Gyn. Obst., 1917, xiv. 8-22. 

^ Wiggers, C. .J. : J. A)ii. M. A.^s., 1918, Ixx. .508-511. 

■• Porter, W. T. : Boston. M. and S. ./., 1917, clxxvi. 699, ct loc. cit. 
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Henderson s Acapnia Theory 

Yandeli Henderson ^ has plausibly advocated the view that excessive ventila- 
tion of the lungs — ^i-esidting in excessive elimination of COj from the blood — 
is the cause of shoclv. Since the respiratory centre is controlled largely by 
the CO2 tension of tlie blood, it follows that in sliock the respiratory exchange 
would be diminished, so that, as Henderson believes, there would result a state 
which is below the point of oxj-gen safety. 

Henderson's theory is one which every sui'geon would hope might be true, 
for apparently it would make both the prevention and the cure of shock easy 
and simple. There are many arguments in favour of tliis theory. The dis- 
turbing effect of excessive ventilation of the lung is apparent. It is true 
tliat oxj-gen improves the condition of the patient in shock, that lack of 
oxygen leads to acidosis. Nevertheless, there are certain difficulties in the way 
of accepting fuUj- Henderson's conclusions. 

{a) As we have stated above, the clinical use of CO, in shock has not proven 
to be of much value. It is possible that this is because serious intracellular 
damage has been inflicted upon certain vital organs before the COj treatment 
was begun. 

{h) In -Diy laboratory, animals under curare and contmuous adequate and 
even artificial respiration — ^thus eUminating the excessive ventilation (acapnia) 
factor — could stiU be kdled by shock from trauma. 

(c) Protracted consciousness — ^insomnia — in animals, subjected to no 
other excitement, causes complete exhaustion. Acapnia could scarcely be a 
factor here. It should be added that Henderson has not discussed this tj^pe of 
exhaustion. 

Conclusion 

In exhaustion from running, from fevers, from trauma, from anesthesia, 
from excision of the liver, from excision of the adrenals, from hemorrhage, 
from emotion, from insomnia, the exhaustion is not in any way related to the 
lungs. If there is a coexistent defect in the ^^ulmonary function, by so much 
the more readily is exhaustion produced by trauma, by emotion, by fever, 
by exertion, by liemorrhage, etc. We therefore conclude that the primary 
cause of exhaustion may be found in the 'pulmonary system, hut that this is not a 
common priinary cause. 

CIRCULATORY SYSTEM 

Failure of the circulation exhausts and kills inevitably, and failure of the 
circulation is established sooner or later in acute cases of grave or fatal 

' Henderson, Y. ; Am. J. Physiol., 1908, xxi. 126-156 ; 1908-1909, xxiii. 345-373 ; 1909, 
xxiT. 66-85 ; 1909-1910, xxv. 310-333, 385-402 ; 1910, xxvi. 260-286 ; 1910-1911, xxvii. 152-176 ; 
1918, xlvi. 533-553 ; Joh/ns Hopkins Hasp. Bull., 1910, xxi. 235-240. 
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exlianstion. The question therefore is : — Is the failure of the circulation a 
primary or a secondary cause of exhaustion ; or is the circulatory factor 
sometimes a primary and sometimes a secondary cause ? 

The Heart 

The heart may be unable to pump the blood stream forcibly enough to 
maintain adequate ciix-ulation, in which case general exhaustion will occur 
as the result of lack of oxidation of the tissues. Exhaustion occurs clinically 
in the myocarditis of acute or prolonged infections ; as the result of excessive 
muscular exertion ; in anemia ; ui the presence of valviTlar defects. But 
observations in both the clinic and the laboratory show that in surgical shock 
and exhaustion the heart muscle has not failed. 

Distribution of Blood 
Pooling in tlic Larger Veins 

A number of observers have held the \'iew that in shock the blood accumu- 
lates in various blood-vessels, this pooling becommg in effect an intravascular 
hemorrhage. There are certain facts, however, which are not harmonised by 
this theory. 

(a) In the author's laboratory, experiments showed that shock could be pro- 
duced in animals in wjiich the abdominal vessels or the thoracic aorta were 
first excluded bj- hgation, though not cpiite as readily as in the controls. 
Erlanger 1 and others have sho^vn that excision of all the abdominal viscera does 
not lessen the liabilitj' to shock. In our experiments we found also that if the 
intestmes were so tensely distended with water as to drive out aU the blood, 
then trauma of the peritoneum no longer caused a primary fall in blood -pressure 
)5ut did not prevent death from shock. JIany dissections before death, many 
autopsies after death from trauma to other parts of the body than the abdomen, 
showed that the blood was held in the veins everywhere, as in death from other 
causes. 

(&) As stated in a preceding paragraph. Porter - has proposed the inhalation 
of CO2 for the purpose of increasing activit}- of the diaphragm, to the end that 
thus the supposed accumulation of blood in the abdomen would be put into a 
more active circulation. No chnical advantage from this treatment has been 
reported. 

(c) Treatment with intraperitoneal injections of pituitrin, as suggested 
by Camion, even more effectively facilitates the splanchnic venous circulation 

' Erlanjier, .T.,Gesell,R., Gasser, H.t^., and Elliot t,B. L. : J.Am.M. .-Iss., 1917, Ixix. '2089--2092. 
2 Porter, W. T. : loc. cit. 
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than does Porter's CO., iiilialatioii, but this method has not proved to be a 
cure for shock. 

From the evidence m hand, we are not warranted in eonchiduig either 
that blood does or that it does not pool. We only infer that even if it does 
pool, this is an end effect — not a primary cause of sluxk. 

AcciimuJatioii of the Blood in the Capillaries 
Cannon 1 has recently advanced strong arguments in favour of the view 
that the smaller blood-vessels — the capillaries — are dilated, and in dilating 
have engulfed so much of the volume of the blood as to seriously interfere 
with the circulation. If this were true, then the universal bandaging of the 
body alone, or blood transfusion alone, or bandaging and blood transfusion 
combined, should both prcvent and cure shock. But both laboratorj^ and 
clinical experience show that, although these measures are useful, they are 
not specific. 

Vaso-Motor Mechanism 

Is the vaso-motor mechanism a factor in shock ? Li 1S97 the theory that 
shock was due to the impairment or breakdown of the vaso-motor mechanism 
was proposed by the writer.- Owing to the fact that control of the blood- 
pressure did not specifically cure shock, it soon became obvious that exhaustion 
and shock mcluded much in addition to the failure of the vaso-motor mechanism. 

Opposing views as to the state of the vaso-motor mechanism have been 
presented by various investigators. 

(a) Seehg and Lyon ^ have concluded that the vaso-motor mcciianism is 
functionaUj? nitact in shock. 

(b) Porter ■* has found that vaso-motor stimulation produces a progressively 
diminished rise in blood-pressure as shock deepens. This finding is in accord 
with our own data. Porter has interpreted the blood-pressure change on the 
basis of a percentile rise, and has concluded that the vaso-motor mechanism is 
not altered in shock. It is open to C£uestion, however, whether Porter has 
not proved the opposite of his conclusions, for if, in shock, adrenalin be given 
intravenously, or pressure on a paw be made, the percentile rise interpretation 
will be reversed. Applying Porter's percentile interpretation to the effect of 
adrenahn, the percentile rise would be over 300 per cent., that is, according to 
Porter's reasoning, the vascular state is three times better than normal, but 
nevertheless the clog is dying. The error in Porter's reasoning may be made 

1 Cannon, W. B., Fraser, J., and Hooper, A. M. : .7. Am. M. Ass., 1918, Ixx. 52G-b:i\. 
^ Crile, G. W., An E:rperi mental Researcii into Sunjical Sliock, 1897. 

2 Seelig, M. G., and Lyon, E. P. : Snrg. Gya. Ohs/.',UnO, xi. 14e-l.^>i! ; .7. Am. M. J.<s., 1909, 
lii. 45-48. 

< Porter, W. T., and Storey, T. A. : Am. J. Pln/sioL, 1007, xriii. 1K1-1:)9, xx. 399-405. 
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more clear by a homely illustration. If a goad be appUed to a fresh horse, 
the resulting increase in speed may be stated as a percentile increase. When 
the horse is in extreme fatigue and an ec^ual goad is apphed, the percentile 
increase will probably be the same, but nevertheless the horse is exhausted. 

(c) Erlangeri and his associates found that the vaso -motor mechanism 
is exhausted late in shock . They suggest that the primary fall in blood-pressure 
may be brought about by the effect of painful stimuh and hemorrhage. 

(d) Pike and Coombs - beheve that damage to the brain-cells must be 
included as one of the conditions of traumatic shock. 

(e) Wiggers ^ observed a steady fall in vaso-motor tone in the early phase, 
of shock. He concluded that the peripheral resistance was diminished, in- 
dicatmg dimmished vaso-motor tone. 

The experimental data reported in the preceding chapter (pp. 35-40) show 
that there is no practical distinction to be made between external stimulation 
of the vaso-motor centre as in injuries and operation, and internal stimulation 
by vaso-motor stimulants, as strychnin. Each in sufficient amount produces 
exhaustion (shock), and each with logic might be used to treat the shock 
produced by the other. We conclude, therefore, that in traumatic shock 
the vaso-motor mechanism is functionally impaired or exhausted. 

Experience in the clinic, however, seemed to show that, Avhereas in shock 
the depression and fatigue of the vaso-motor centres were verA' important, 
there must also be other imjjortant effects. This was all the more probable 
because of the time required for recovery ; the long after-eft>cts ; the in- 
adequacy of merely raising the blood-pressure ; the weakness and debihtj- of 
the injured animal before a fall in blood-pressure had occurred ; the fact that 
infection, loss of sleep, hunger and thirst predisposed to exhaustion ; that 
ether anesthesia predisposed to exhaustion. All these clinical observations 
demanded renewed research. The work of Hodge on fatigue in bees and birds 
suggested such an investigation. To that end the studies of the brain-cells, 
which have been summarised in the preceding chapter (pp. 40-43), were under- 
taken. These studies immediately gave us illuminatuig results. Oiu' argu- 
ment was that if the vaso-motor centre was fatigued in shock and exhaustion, 
other parts of the braui were probablj' fatigued also. If the brain-ceUs were 
fimctionally altered, one would expect them to be physically altered, as Hodge 
had shown was the case in his studies of fatigue in the bee. We argued that in 
shock not only are the vaso-motor cells exhausted, but the cells of the bram 
that preside over voluntary muscular action and mental action are also altered ; 
in other words, that the brain as a whole is altered, and is altered independently 

' Erlanger, .T. : loc. cil. 

2 Pike, F. H., and CooiuIjs, H. 0. : J. Am. M. As^., 1917, Ixviii. 1892-1893. 

3 Wiggers, C. .J. ; Am. J. Physiol, 1918, xlv. 485-499 ; 1918, xlvi. 314-328. 
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of, as well as in consequence of, the low blood-prcssure clue to the exhaustion 
of the vaso-motor centres ; that the higher centres may well be affected even 
more than the vaso-motor. 

The vaso-motor mechanism alone, the blood-pressure alone, is not suf- 
ficient to account for all the phenomena of shock ; and although some of the 
causes of exliaustion may be found m the respii-atory system, and some in the 
circulatory system, we must look elsewhere for the explanation of the vast 
majority of cases of shock and exhaustion. Are these due to some change 
in the blood ? 

The Blood 

Chemical Changes in the Blood 

The blood is a vital fluid for all the tissues. If there is insufficient 
blood, or if the blood is sufficiently impure, exhaustion of every organ 
and tissue will follow. The acute exhaustion caused by hemorrhage is 
cured in a normal animal by immediate replacement of the lost blood 
'by an ec[ual amount of good blood from another animal. If impure blood 
is the primary cause of exhaustion, and no other primarj' cause exists, then 
the removal of impiu'e blood and the substitution of pure blood should 
bring rehef from exhaustion in proportion to the amount of impure blood 
exchanged for pure blood. If exhaustion is due to some change in the 
blood, then if an acutely exhausted animal had its blood withdrawn as com- 
pletely as possible and normal blood replaced, the same process being repeated 
several times so as to be certain that a sufficient amount of blood had been 
exchanged, demonstrable relief should follow. But experiments have shown 
that not many cases of exhaustion may thus be benefited or cured. More- 
over, animals exhausted by insomnia show no change in tlie blood picture, 
as has been shown by our experiments. We have found, also, that in patients 
in whom exhaustion has developed gradually, there may be no change in the 
blood. 

The common pathologic change in the blood in acute exhaustion is acidosis. 
If this were the primary cause of exhaustion, then infusion of sodium bicar- 
bonate should prevent and cure ; but both laboratory and clmical evidence 
shows that alJi:ahs neither prevent nor cure shock. 

Cannon 1 has found decreased reserve alkalinity in wounded soldiers in shock. 
He found this decrease was more marked in operations under ether than in 
operations under nitrous oxid ; he believes that a diastolic blood -pressm-c of 
about 80 is a critical level at which acidosis rapidly develops. These phenomena 
are obviously secondary causes of exhaustion. 

1 Cannon, W. B. : J. Am. M. As,., 1918, Ixx. 5.31-535. 
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Cannon, Dale and Bayliss ^ have recently found that the pulpefaction of 
muscles causes a faU in blood-pressure when the nerve suppjly of the injured 
jmrt: is blocked ; and that this is prevented -u'hen the circulation of the part 
is blocked. Even so, macerated muscle products could be but a minor 
factor in the production of shock, for {a) tourniquets minimise shock only 
as far as they minimise hemorrhage ; {h) spinal and local anesthesia almost 
specifically prevent shock ; (c) many causes of shock, such as abdominal 
operations, joint injuries, skin injuries, etc., have no relation to muscle poison ; 
{d) nitrous oxid anesthesia is all but a preventive of shock. How can these 
facts be reconciled with the view that the cause of shock is low blood- 
jjressure, the low blood-pressure in turn being caused by muscle poisons ? 
Even if under exceptional circumstances the presence of muscle toxins con- 
stituted a causative factor, their shock-producing value would be identical 
with that of the group of toxins, the effects of which have been previously 
studied and pubhshed. (Sec pp. 65-70). 

Concentration of the Blood 

The blood volume is apjDarently dimmished in shock. Has tlie plasma 
left the vessels and gone into the tissues ? If so, is this process an adapta- 
tion or is it a pathologic effect ? This point was investigated m our laboratory 
by Drs. F. W. Hitchmgs, A. N. Eisenbrey, and C. H. Lenhart, who found that 
in shock the concentration of the blood was increased up to 20 per cent., but 
other considerations made it obvious that this is not a primary cause of shock. 

' In the blood of the " shock " dogs there was an increase in the number of 
the red cells per cubic millimetre, while in the blood of the "hemorrhage" 
dogs there was a decrease in the number of red cells per cubic miUimetre. 

' In the "shock" dogs there was a decrease in the number of white corpuscles, 
while in the " hemorrhage " dogs there was a preliminary decrease followed by 
a marked increase.' - 

Mann * performed a more extensive research along the same line, and attri- 
buted greater importance to the increased concentration. Camion "* has shown 
further evidence of loss of plasma in shock, and supports Mann's estimation 
of the value of this data ratlier than our own. Now, if increased concentration 
were the cause of the small amount of blood, if circulatory failure were due 
to a ' plasma hemorrhage ' into the tissue, then adequate transfusion of blood 

' Sec ropurls uf Special Iuvesl.i},Mtioii un Surgical Sliuek uud Allied CondiUuns by the British 
Medical Research Committee, Special Report Series, 26. 

^ Crile, G. W. : Hemorrhagf and Transfusion, 1909, Jip. 8'2-83. 
= Miinii, F. C. : J. Ai». M. -ts.;., I'.lis, Uxi. 1184-11S8. 
* (Janiioii, W. U. : Inc. cit. 
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should prevent and cure shock ; but adequate transfusion of blood is not a 
specific cure. In addition, on this theory, the careful work of Hogan and of 
Bayliss 1 on the infusion of colloidal solutions should have given us a cure, 
because it is known that these solutions do not leave the blood stream. But 
colloidal solutions fail to hold the blood -pressure — fail to cure advanced cases. 
The transference of plasma is probably an adaptive protection. 

Then, again, even gi-anting that the blood contains impurities which cause 
exhaustion, where did the blood get those impurities ? From the cells. And 
the cells i From theu' increased metabolism. What caused that increased 
metabohsm ? Certain of the excitants of exhaustion. We conclude, therefore, 
that in the absence of any primary disease which may cause changes in the 
blood, and in the absence of hemorrhage, changes in the blood or in the 
blood-pressure are a secondary, not a lyrimary cause of exhaustion. 

VOLUNTARY IVIUSCLES 

If the voluntary muscular system were exhausted primarity in shock, 
then there would be prostration, low temperature, lowered blood -pressure, 
but not the extremely low blood-pressure often seen in shock, no sweating, 
no loss of mental symptoms. Therefore, it at once becomes apparent that 
primary exhaustion of the voluntary muscles could not be an adequate cause 
of a/Zthe symptoms of exhaustion. 

Is exhaustion of the voluntary muscles the cause of the lowered body 
temperature ? Is the inabihty of the muscles to act due to a primary change in 
the muscles, while the bram is normal ? This seems improbable, for the 
foUo-ndng reasons : — 

(a) The voluntary muscle is more resistant — more than fifty times as 
resistant to low blood -pressure and anemia as the brain (Crile-Dolley). 

Qj) The muscles in the acutely exhausted subject show no histological 
change. They can be made to contract by electric stimulation of their nerve 
supply, or by electric stimulation of the muscle directly. 

(c) It is a physiologic axiom that voluntary muscles are not as readily 
exhausted as are the nerve centres that govern them . 

{d) If there is primary exhaustion of the umscles, then, according to Bayhss, 
it would probably be due to the over-production of acid or other injuring 
by-products as a result of injury or of work performed. But in exhaustion 
from trauma under anesthesia, tlie muscles have done no work ; in exhaustion 
from fear, the muscles have done little work ; in exhaustion from overwhehning 
toxemia, there has been no muscular work. Finally, we know that in a vast 

' Bayliss, W. M. : Intravenous Injection %n Wound Shock, London, 1918. 
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number of the injuries which cause shock, no muscle is involved ; e.g. injury 
of the skin, brain, knee-joint, hands or feet may result in shock. 

We must, therefore, conclude that the voluntary muscular system plays a 
secondary, not a primary role in exhaustion . We have seen that the respiratory 
and the circulatory sj'stems and the voluntary muscular system are sometimes 
primary causes of exhaustion, and frequently secondary causes. We have 
seen that in exhaustion all these tissues suffer a variable amount of disability, 
but the primary common cause of shock remains to be disclosed. 



THE ADRENALS 

The criteria for the objective study of the adrenals are the adrenalin 
output, the electric conductivity, and the liistologic picture. Elliott, ^ Cannon,^ 
and others have found an increased adrenalin output and a diminished acbenaLin 
content in certam cases of exhaustion, e.g. in exhaustion due to inhalation 
anesthesia, to infections, and to emotion. Short ^ found no notable diminution 
in the adrenalin content in shock ; Bedford ^ found no diminution of adrenalin 
output in shock; 3Iann ^ chsassociates the adrenals from shock. In our 
laboratory we found cytologic changes in the adrenals m exhaustion from 
any cause, including insomnia, these changes being more marked in the cortex 
than in the medulla. 



The Relation of the Adrenals to the Livek and to the 
Brain in Exhaustion 

Apparently adrenalm alone can cause the brain to greatly increase its work. 
By cross-circulation experiments, we have found that adrenahn causes increased 
activity of the central vaso-motor mechanism (Figs. 94 and fl.".). Not only can 
adi'enahn, as Cannon has shown, cause all the basic phenomena of exertion, 
emotion, mfectiou, etc., but, as we have sho^Rai, it also causes brairi-cell lesions 
identical with those produced by exertion, emotion, infection, etc., including 
the entire cycle of hyperchromatism, chromatolysis, s^^'elhng and even disin- 
tegration of the brain-cells. We know that when the adrenals are excised, the 
brain-ceUs undergo a progi'essive cj^olysis, in «iiKii there is no primary stage 

1 Elli.itt, T. li. : ./. FAz/x/.)/., 1905, xxxii. 4111-467 ; ibnJ., 1912, xliv. 374-409. 

2 Cannon, \V. I!. : Bo^lilij Cliiiii^j.s in F.ini, IhiiHjn; Ftar ,iii,l i;,n/,; 1915 ; Cannon, W. B., 
an.l de Ui Faz., D. : Am. .7. Fliiisinl., 1911, xxviii. 64-70; Cannon, \V. B., and Hoskins, R. G. : 
ibirl, 1911-1912. XXIX. -274-279. 

3 Short, A. R. : Lmifet, 1914, i. 731-7.37. 

1 Bfdford, E. A. : Am. .J. Finis, „l., 1917, xliii. 23.5-257. 
' Mann, F. C. : J. Am. ^r. Ass., 1917, Ixix. 371-374. 
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of hypo ix'hromatisin, but an iiiunediaU' and ]irogi'essivc cliroinalolysis, edema, 
and final breakdown. 

Froui these faets it would appeal- that tlie brain is proloundl}', even vitally, 
dependent upon the adrenals ; that without the adrenals, the brain rapidly 
loses not only its fnuetional power, but also its power of survival. How is 
the influence of the adrenals upon tiie biain exerted ? Is it the result of the 
direct action of adrenalin on the brain -cells ? Does adrenahn owe its eifect 
upon the brain-eells to the resultant formation of an increased amount of 
oxyhemoglobin in the lungs, wiiich was demonstrated l)y Dr. Menten ; ' or 
to its power of increasing the alkalinity of the blood? Or docs adrenalin 




Fju. '.14.— SrlK.i,i;ll)r Dlawlii- llln^U■;^lln-_' tli.- .\iia- 
stumnsis ijf Ur- Uuculatiuu uf Twu l*i>gs. (St-u 
Fig. y.5. ) 

owe its remarkable effect on the brain-eells t(.> an nitermediate eff'ect on some 
other organ, such as the thyroid (Asclioff, Cannon), or the hver ? 

That the adrenals exert also a vital influence on the liver has been de- 
monstrated by the cytologic changes produced by the intravenous injection 
of excessive amounts of adrenahn — chromatolysis, edema, displacement of 
nuclei, loss of the power of differential stahiing. Similar cytologic changes 
in the hver-cells follow double adrenalectomy. When tlie hver-cells are thus 
altered, from whatever cause, the bram is unable to do its work normally, and 
becomes exhausted. Assuming that the ahsexce or the excess of adrenalin causes 
changes in the cells of the brain and of the hver, characteristic of exhaustion, 

1 Mcntcn, M. L. ; Am. J. I'lnj^i,,!., l'.)17, xliv. 17(;-i;ir>. 
H 
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then does adrenalin produce these cliangcs in the brain-cells primarily by 
a<-ling directly on the brain, or ■^fcomlnrili/ Ijy first acting on the liver ? It is 
known that adrenalin facilitates oxidation — hence it facilitates energy trans- 
formation, and therefore the internal respiration of the cells of each organ 
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would be speeded up liy the presence of adrenalin and diminished by its absence. 

The brain, being (le])e)idcnt on the functional integrity of the liver, and the 
liver being depemli-ul in paif nn the adrenals, and each being dependent on 
oxidation, wliich in linn is, in part at least, dependent on the adrenals, we 
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must conclude that the Hver and the brain are not only dependent on each 
other, but upon the adrenals as well. 

We may conclude, therefore, that the adrenals are factors in the primary 
cycle of exhaustion, though their role cannot be accurately defined. 

THt] LIVER 

Is the primary cause of exhaustion to be found in the liver ? That the 
hver is necessary to the functional activity of the brain is proved by the follow- 
ing data : 

(«.) After excision of the hver, the power of the brain to drive the organism 
to transform potential energy into kinetic energy, such as heat or muscular 
or mental action, is rapidly diminished and completely lost at the time of 
me^atable death, usually withm a few hours. 

{h) The brain-cells show changes in their cytologic structure which are 
progressive from the moment the hver is excised. 

(c) In every type of exhaustion from whatever cause, the cells of the hver 
show cytologic changes, such as dimmished power of differential staining, 
edema, and increased electric conductivity. 

(d) Granting adequate circulation and. resinration in a decapitated animal, the 
excision of the liver causes death earher than decapitation or adrenalectomy. 

Some of the most important functions of the hver remain to be dis- 
covered, but there is one possible relation to which we maj' allude : — The 
brain-cells contain almost no stored carbohydrates or neutral fats ; they 
contain almost no factors of safety against acidosis. ^ Tiiey have ahnost 
no stored oxygen. The brain-cells are almost whoUj' dependent on the 
blood for oxygen and for carbohydrate fuel to maintain their active and 
continuous metabohsm ; the blood is dependent on the hver for sugar for the 
brain. Aj^parently, for its protection against want of sugar, against mtra- 
cellular acidosis, the brain is in part dependent on a long-distance comiection 
with other tissues, especially the liver. The liver-cells are endowed with a great 
facihty for autolysis ; the brain-cells are but slightly subject to autolysis. 
We may suppose that the keen, stable brain-cells have a special chemical 
dependence on the remarkablj' unstable liver-cells. For opposite reasons, then, 
the two organs that are most susceptible to acidosis are the brain and the liver 
— the bram because of its extreme activity in acid production and because of 
its lack of intracellular defence against acidosis, of which more will be said later ; 
the hver because of its avidity for acids, jiossibly an adaptation for the pro- 
tection of other vital organs, especially the brain. If the brain-cells contained 

' Mathews, A. P. : Physiological Chemistry, 1916, pp. 586, .589-59l\ V84-78.'>. 
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space for the storage of reserve supplies of energy-producing material and 
protection against acidosis, in proportion to the space provided for this purpose 
in tlie cells of other organs, not (mly would the size of the brain be greatly and 
awkwardly increased, but its j^ower to do -worJ^: would be correspondingly 
diminished. 

The integrity of the liver is essential to tlie work of the brain ; and the 
integrity of the liver is also essential to tlie elimination of the acid by-products 
of metabolism by tlu' kidneys and the lungs. When the liver is excised, the 
blood tends to become acid as the animal approaches exhaustion. The trans- 
fusion of blood, or the administration of adrenalin or of morphin. exerts not 
the least check on the exhaustion and death ^^■hicll follow excision of the 
liver. On the otlier liand. decapitation ajjjjarently does not interfere witli tlie 
function of the livei'. 

For its oxidising and reducing power, the liver apparently depends, in j^art 
at least, on tlie adrenals ; for, as we have stated above, the excessive intra- 
venous inject ii m of adrenahn on the one hand, and adrenalectomy on the other, 
cauM- marked cj-tologic changes in tlie liver-cells — chromatolysis, edema, 
eccentric position of the nucleus. 

In our electric conductivity studies we found that in exhaustion from any 
cause the liver and the lirain \\e]'e affecled in opposite directions, i.e. in extreme 
exhaustion the conductivitj' of the brain was decreased, and the conductivity 
of the liver was increased. In the earliest stages of stimulation these changes 
were reversed, the period of increased conductivity" of the brain apparently 
corresponding to the period of liyperchromatism estabhshed b)' our histological 
studies. 

From these premises we conchide that the liver is inseparably associated 
with the brain and the adrenals in the production of shock and exhaustion ; 
but as the liver has no means of immediate contact with the external excitants 
of shock and exhaustion, it ajjparently in some waj- is influenced indirectly 
through the mediation of the brain. 

We have now seen that exhaustion may be produced both primarily and 
secondarily by anatomical and functional defects and disabilities of the re- 
spiratory system, oi the circulatory system, of the blood, of the liver, oi the adrenals. 
We have seen that in exhaustion these organs and systems share in the general 
debility, but we have not been able to sIioav that functional impairment of any 
one or of any combination of these is the sole cause of the exhaustion of the 
organism in exertinn, in cmotiim, in injurj', in infection, in enforced loss of 
sleep, etc. If, then, tlie primary cause of exhaustion is not disclosed in the 
study of these iniporlaiit organs and tissues, Mhich arc either directly or in- 
directly drivt'U by the master tissue, the brain, we may then ask : Is tlie 
primary cause of exhaustion to be found in the brain ? Has the brain 
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inherent elements of weakness greater than tliose of any other organ or tissue 
of the bodv ? 



THE BRATN AND THE NEm'OUS SYSTEM 
The Brain as ax ENERUY-TEAXSFORriiiNG Organ 

Enrironnient, external and internal, drives the brain ; and the brain either 
directly or indirectly drives the entire organism. Is the brain tissue itself 
a transformer of potential energy into kinetic energy, and does it drive the 
body by means of some familiar form of energy which it creates, or does the 
brain drive the body as a m}'stery organ obeying no physical laws ? Is the 
brain capable of exhausting itself primarily by its o^\^r excessive work, or is 
it only secondarih' exhausted ? 

Do the brain-cells transform mucli or little energy ? Ai'e they active or 
inactive cells 'l That the brain transforms jjotential into kinetic energy, 
and by means of that energy drives the Ijody, is shown bj* the failiu'e 
of power to act when the head is cut oQ. That the brain is not only an 
active, but the most active energif-traiisforming organ of the body, is held by 
Mathews.i 

The following reasons for this view are advanced : — 

{a) The rudiments of the brain and of tlie eyes are the first structures of 
the vertebrate embryo to appear. 

(h) Child - has shown tliat even in the embryo the lirain leads all other 
tissues in growth and development, and, like the bud of the jjlant, lias the 
highest metabolism. 

(c) The brain has a more abundant arterial ))lood supply than any other 
organ except the adrenal (Neuman ^). Not only does it possess a vast blood 
supply, but the arteries and capillaries are so distributed as to ensure a plentiful 
and constant blood supply. This is seen in the system of parallehng arteries, 
reinforced by the great basilar arterial distributor — tlie circle of Willis — which 
forms an abundant basal supply such as is provided for no other tissue or 
organ of the body. This is sufficient proof of the brain's intense need for 
oxygen and for the ehmination of waste. 

((/) The blood that flows up into the brain is arterial blood, and the blood 
returning from the brain is venous blood. In its momentary joiuiiey through 
the brain, large amounts of oxygen are taken out of the blood and large amoinits 
of COo are added. 

> Mathews, A. P. : Physiological Chemisiry, 1916, pp. 563-5*55, 584-595. 
2 Child, C. M. : Proc. Nat. Acad, of Sc, 1915, i. pp. 164-172. 
2 Neuman, K. 0. : ./. Phys., 191-2, xlv. 18S-196. 
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{(') There is more sugar in the supplying artery than in tlie returning vein. 
The sugar is burned in the Ijrain. 

(/) The brain is singularly dejx-ndent on the oxj-gen in the blood, since 
consciousness is lost within a tew minutes after the lung has ceased to take 
in oxygen. The great dej^endence of the brain on atmospheric oxygen may be 
correlated with the fact that there are no stored carbohydrates in the brain. 
For the brain, six minutes of complete interruption of the blood circulation is 
the critical period, after which life cannot continue, in contrast M'ith approxi- 
mately five hundred minutes for muscles (C'rile-Dolley). 

(g) The brain is more sensitive to cyanides than any other tissue of the body. 
This is significant because of the fact that the tissues which are most dependent 
on atmospheric oxygen are most sensitive to drugs which have a great affinity 
for oxygen, such as the cj^anides.'^ 

In ad<litiou to the above, the following further evidence may be cited : — 

(a) When the hydrogen-ion concentration of the blood is increased by 
anesthetics, such as ether, chloroform, nitrous oxid, until tlie neutral point 
is passed and acidity is established, the action of the brain — and life — ceases 
(Menten-Crile). There is evidence that the brain is more sensitive to acids 
than an}' other tissue, for in acute acidosis the fiuiction of the brain is lost 
earlier than that of an)' other organ. 

(h) Interference with the use of oxygen b}' nitrous oxid causes luiconscious- 
ness within thirty seconds. Consciousness, then, depends on oxidation, i.e. 
on energy -transformation, just as engines and motors depend on oxidation for 
their energy -transformation. 

(c) The work of the brain is greater in proportion to the -weight of its tissue 
than is the work of any other organ of the body. Alexander and Cserna state 
that the brain shows a consumption of 0'360 cc. of O,, per gram minute, while 
voluntary muscle showed a consumption of only 0'004 per gram minute. 
According to these observers, a given weight of brain tissue transforms energy 
about ninety times as rapidly as an ecpial weight of the voluntary muscles 
in the C[uiescent state. The voluntary nuiscles constitute 42 jx-r cent, of the 
weight of the body, the brain 2 to 3 per cent . Hence, according to the findings 
of Alexander and Cserna,- excepting when the muscles are active, the brain 
has a total metabohsm hve times greater than the metabolism of all the 
voluntary muscles together. 

From these facts we conclude that the brain is an organ of intense meta- 
bolism. Ai-e the brain-cells safeguarded against the factors of exhaustion I 
Has the brain any peculiarities that suggest an answer to this query ? 

' Tilathfws, A. 1'. : Vli ijsinlmjical Chemistry, IIIIG, ]\ ■''M'). 
- Alexaiiacr, !•'. ( '. : li'mclinn. Ztsvlir., 1U12, xliv. li!7-l:S9. 
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Special Features of the Brain-Cells 

Among the unique t'caturos of tlie brain-cells are the followinp; (see 
Mathews) :— 

(a) The tips of tlie dendrites are liquid (Harrison ') ; and Hegar- states 
that they have the power of movement. These may constitute a mechanism 
associated mth alternating work and rest. 

(6) The cells of the brain are the only cells of the organism that have no 
stored carbohydrates and no neutral fat. Stored carbohj-drates in other cells 
are the source of anaerobic oxj-gen. They sujiplj' energy in the absence of 
atmospheric oxj-gen ; they supply oxygen for neutrahsing lactic acid, and for 
overcoming intracellular acidity. The brain-cell, therefore, has within itself 
no stored fuel, no protection against want of aerobic oxygen. 

(c) Unhke muscle, liver, and other tissues, the brain depends exclusively 
on aerobic oxidation. This sliould render the brain-cells vidnerable ; it 
accounts for the pecuhar susceptibihty of the brain to cyanides ; it may i,\ell 
be the reason why the brain-cells are more susceptible to nitrous oxid than 
any other cells, this propeitj' conferring on nitrous oxid the property of an 
anesthetic . 

(d) There is less protein in the brain-cells that can be broken do'ma as a 
protection against acidosis than in any other cells of the body, another point 
of weakness in the brain-cell. The brain-cell lacks protection against the 
acute carbon dioxid intoxication of exeition, fever, emotion, etc. 

(e) The brain-cells have no power of autolj'sis. This lack of the power of 
autolysis is another source of danger. 

(/) The brain-cells have no basal metabolism excejit that of energy-trans- 
formation, associated with work. After the brain-cells have reached adult 
size, they have no further power of growth. The brain-cells are permanent 
mechanisms . 

[g) If a brain-cell is destroyed, no other brain-cell takes its place ; its loss is 
permanent. 

(h) Since the brain-cells are the master cells of the body ; since they are the 
most highly receptive cells ; since they have the most active metaboHsm ; 
since they possess no internal mechanism for protection against deprivation 
of oxygen, against acidosis, or against starvation, one would expect to fuid 
that ample protective mechanisms against these vital dangers to the brain 
have been evolved in other parts of the body. In support of this suggestion 
is the fact that when the body loses weight through starvation, the brain 
itself loses no weight (see Volt's tables), but through its avidity for energy draws 

' Harrison, U. G. ; ./. I<Ju:p,'r. Znnl, 1910, ix. 7H7-846. 

■ Muthews, A. P. : PhysinUnjiral Oii'iinstnj, 19Ui, p. f.s;3. 
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from every other organ and tissue except the heart muscle. The nation at 
war feeds its soldieis hist . 

It woidd appear tliat the brain-cell is evolved, stripped to its decks, to fight 
the battle of life : as if its function as an energy-transformer were so imjjortant 
that certain means of defence are \\'itliheld from the brain-cell and jjrovided 
for it by other organs, e.g. protection against intracelhdar acidosis, against 
want of oxygen, against «ant of food. It would seem, therefore, that these 
vital functions are committed to other organs. The vast volume and dis- 
tribution of blood in the liver, in the lungs, and in the kidneys provide for the 
rapid elimination of waste Vv'hich is urgently necessary, especially for the safety 
of the brain. The extreme a^ndity of the liver-cells for acid metabolites, 
coiqjled with tlie immense cellular surface expcsed to the blood stream, we 
conceive to be one of the greatest safeguards to the brain against acidosis. 
The large storehouse of sugar in the liver serves as the fuel depot for the brain 
and as a protection against wAwi of anaerobic oxj'gen. The blood stream 
carries oxygen and sugar to the brain ; the Ixiffer substances of the blood are 
a continuous protection to the Ijrain against intracellular acidosis. The 
hmin-feJJ.s may he roncciveil as lin-viiiij ilic'tr protective nml initntive cytoplasm 
evolved to function at a distance. 

From the elaborate provision for its protection, we ma}' infer that the 
energy-transforming function of the l)rain has such higli selective value in the 
biologic sense as to confer a selective value also on the structure and function 
of the liver and of the blood ; for if the brain-cells, thus stripped, cannot trans- 
form energy fast enough to drive the muscles speedily enough to escape from 
the enemy, then tlie liver and the blood will perish as well as the brain. The 
more completely the liver and tlie blood and the lungs and the kidneys keep 
the brain -cells free from the impairing by-iiroducts of their active metabohsm, 
the cleaner pair of lu'cls will the pursumg enemy see. It would seem that if 
the ):iulk of the ))iain-cells were increased by stores of lifeless food, their power 
of attack and defence -woidd be diminished. 

(i) 'riic brain cannot worlv continuously, but a reversible process is necessary 
at regular intervals to restore it. This process in the higher centres is called 
sleep. The moie intense the activation, the more needed is sleep. The brain 
is the only organ that sleeps conspicnuusly. Of great significance is the fact 
that the entire man spends one-third of his time waiting for the lirain to restore 
itself — 1(_) ]jut itself again ui the position of bcnig able adaptively to transform 
potential into kinetic energy. This point ^\ill receive furtlicr consideration 
in a later section. 

( j) Thi" dominating imjioitance of the Ijrain is further shown by the fact, 
as Mathews ^ has pointed out, that natural selection in the higher animals 

' Mathews, A. P. : I'],yfinh„ji,;,} CI,, uiistrij, lOlfi, \<i,. bV,:>,-:,(H. 
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has centred on the braui and on the brain alone. Higher animals compete 
through their brains. Hence, in the brain-ccUs, we have the highest develop- 
ment of a mechanism tor transforming energy, for securing survival thrcjugii 
adaptation. 

We may conclude by rcpt'aling fcilierrington's stateuicnt that the brain, 
is the master tissue of the Iwd!/. Wc have seen that the brain is the most active 
energy -transforming tissue of the body. We may conclude that when we 
speak of exhaustion of a man, mc mean exhaustion of his brain. This is the 
central fact. 



Is Exhaustion of the Bkain Primary or Secondary, or Both ? 

There is e\idenee that the brain is both primarily and secondarilj' involved 
in exhaustion. Common experience demonstrates that sudden bad news, 
intense fright, sudden severe pain, acute overwhehning infection, cause an 
immediate loss of muscular and mental power. Further evidence of the 
diminished power of the brain to do work in the presence of an aderpiate 
blood-pressure and respiration is seen during the early stages of physical 
exertion, of emotion, of fever, of insomnia, etc. Athletes in the early stage 
of the contest show no diminution of blood-pressure, but they do show 
diminished mental power. 

In shock-producing trauma of animals under anesthesia, it was usually 
half an hour before the blood-pressure began to decline. What would Ijc the 
physical power of an animal thus traumatised and disembowelled were he 
allowed to recover from anesthesia, even though his blood-pressure were 
normal? Captain Cowell '^ found that tlie average blood-pressure of soldiers 
on active trench chity was above normal ; but despite their high blood-pressure, 
these soldiers nevertheless had to be relieved for rest because of their fatigue. 

In the course of fevers, the blood -pressure is usual!}' higher than noruial, 
but the man is prostrated. In the midst of acute grief or worry, the blood- 
pressure may not be reduced, but the ])ower of the brain is rechiced. A rabbit 
under intense excitation shows a blood-pressure higher than normal, but its 
brain-power is diminished. A Ijrilliant student, a great military strategist, 
a highly trained executive may suffer a breakdown from mental overwork and 
be in a state of brain exhaustion, yet the blood-pressure may be normal. In 
the experimental laboratory, in the clinic of life, in the stress of war, we have 
reliable data from which we conclude that the brain may be exhausted primarilj- 
while the blood-pressure may be normal, or vvvn higher than normal. The 
brain is primarily exhausted in insomnia, in which jjrobably acid by-products 
are not produced faster than the body is able to eliminate them. The brain 

1 Cowell, E. M. : ./. A,„. J/. _l,«^, 191.S, Ixx. GOT-OIO. 
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is primarily exliausted by anesthetics, by cyanides, by acids, by lack of oxj'gen, 
b_v direct or reflex electric stimulation, by the excision of the adrenals, by 
the excision of the liver, etc. On the other hand, neither the brain-cells nor 
an}' other organ, nor the individual as a whole, is immediately exhausted by 
unhmited trauma inflicted on areas cut off from connection with the hrain hij 
blocking the nerve supply. 

To a less degree, but markedly, is exhaustion from trauma or emotion con- 
trolled by large closes of morphin, or bj' nitrous oxid. Nitrous oxid diminishes 
the oxidation of the brain-cells, and hence the brain is less driven by trauma. 
AVlien exhaustion or shock from trauma is prevented by blocking the nerves, 
or when the nerves are intact but the brain-cells are prevented from being 
excited to action by nitrous oxid, not only is the brain protected, but the 
liver, the adrenals, and other organs are equally protected ; the blood-pressure 
does not fall, and the individual as a whole is protected agafnst exhaustion. 
But despite the fact that the bram is the primary factor in both work and ex- 
haustion, the brain is affected also by man}- secondary causes of exhaustion — 
defective circulation, insufficient lung ventilation, low blood-pressure, anemia, 
blood acidosis, hemorrhage, lack of oxygen, disease of the hver, disease of the 
adrenals, etc. 

Apparently the more chonically recei^tive and reactive the tissue, and the 
more liighly it is evolved to transform energy, the more readily is it exhaustible. 
A ligament, a nail, a tooth cannot produce heat or motion or electricity or a 
secretion — they are not exhaustible. Only cells have the power of trans- 
forming energy. The cell being the unit of work, the cell ecpially is the unit of 
exhaustion, and the brain-cell is the most readily exhausted. What, then, 
has happened to the brain-cell in exhaustion ? 



CHAPTER III 

THE INTRACELLULAR PROCESS OF EXHAUSTION 

I. Protective Mechanism against Intracellular Acidity 

AYe have seen that among the changes — and there are other important cliangcs 
— in the cells in exhanstion, there is evidence of increased intracellular acidity. 
If intraeelhdar aciditj' constitutes a functional damage to vital organs, then it 
has selective value, and certain mechanisms must have been evolved as a 
protection against it. 

All normal active cells have a similar pattern of structure. The nucleus 
is more acid than the cell body.^ The difference of potential created by this 
difference in reaction is apparently necessary not only for the performance 
of the work of the cell, but also for its survival. That the defence mechanism 
against excessive acidity of the rest of the cell apparently has survival value 
is indicated by the fact that, excepting in the case of the hrain-cells, all cells are 
provided within themselves with an efficient mechanism of defence against 
acidosis. Whenever the acidity of the cytoplasm and of tlie nucleus becomes 
equalised, whether as a result of normal jirocesses or of the intravenous in- 
jection of acids in consec^uence of which the elimination by the cell of its 
metabolised acid is delayed or prevented, the cell then can do no work — 
it is exhausted. The development within the cell of a difference in reaction 
and in consequence of a difference in potential between the cytoplasm and the 
nucleus, is one of the foundation-stones on wliich life depends. The constant 
production of acids in the cytoplasm as a part of the process of living tends to 
kill the cell. It has been shown that blood corpuscles, which at the normal 
acidity of the blood (H = 2- 56 x 10" 8) carry a negative charge, become 
electrically neutral when the acidity of the blood increases to an H-ion 
concentration of 1'25 X 10"'\ ' 

The following phenomena, most of which are pointed out by Mathews, may 
be noted : — 

1. The reaction of living cells is approximately the same as the reaction of 
blood. 

' Pentiinalli, F, ; Arrh. j. E,itwcklngsmerhii. </. Oigmi., 191i, xxxiv. 44-l-4.'il ; McCleiulon, 
•J. F. : Proc. Soc. Exp. Biol.'and Med., 1910, vii. 111-112. 

- Michaeli^, L. : Die Wasitergtoffionenkoiizeiitration, 1014 ; Michaulis, L., ;ind TakaliiLslii, (). : 

Biochem. ZeiUch., 1910, xxix. 439. 
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2. At the outset of aeidosis, except in the case of the fjraiii-ceUs, autolytic 
enzymes appear in the eell — both proteolytie and earbohydrate and carboxyl- 
splitting enzymes. 

3. Tliat the above are adaptive ehanges is indicated Ijy the fact tliat by 
means of the carbohydrate-splitting enzymes, tfie cells, exceptiiuj the tjrain- 
cells, obtain glucose and levidose from glycogen, from cane sugar, and from 
other carbohydrate reserves. By tlic aid of the anaerobic oxygen from the 
glucose and le\'ulose the cells of the body, exceptimj tlte braiii-ceUs. are able in 
spite of the lack of aerobic oxygen to carry on their respiration and oxidation 
in the presence of acidosis which otlierwise they could not withstand. 

In the liver, glycogen is similarly transformed into glucrise for the protection 
of the internal respiration. The tjmiii, liijwever, as previously stated, has no 
reserve store of carbohjelrates, and could not make use of these enzymes for 
this purpose. 

4. The proteolytic enzymes attack the protein of the eell, setting free 
ammonia by means of which the cell acids are neutralised. Here again the 
brain-cell is at a disadvantage, for it has no replaceable protein that can be 
thus used. 

Thus, in every tissue of the body excepting the brain, acidosis is attended by 
an innnediate proteotysis in the cells with the appearance of ammonia, which 
neutralises the acids. 

5. The edema of the cells characteristic of increased aciditj' of c;\i:oplasm 
may be regarded as an adaptation, since it tends to dilution and consequent 
redMCtion of the hydrogen-ion concentration. 

0. The protein constituents of the cells — none of which can be s])ared 
without injury in the case of the hmin-cells — have the power of combining 
with acids and neuiralismg them. 

7. Li the digestion of the proteins amino-acids are set free. P>y means of 
these, the acids are in part neutralised as by annnonia, by the formation of 
salts. In addition, by nutans df the carbi.ixyl->])litting enzymes or carboxylases 
the carboxyl group is sjjlit oif, and there remains a base which has a much 
greater power of comliining with acids than the annno-acids themselves. 
This process pertains to all the cells of the organism, with the exception of the 
hrai II -cells. 

8. Inorganic safeguards against acidosis are the carlionates and pihosplicites 
of tlie blood, which act as Iniffers. By means of these the blood is able 
to take up considerable amcuuits of acid w it li Ijut slight chan^t' in its own 
acidity. 

Sodnini, acetate has a similar jxjwer. Carbonic acid and phosphoric acid 
are very weak acids, so that when acids such as lactic or ox\hutyric acid are 
fomid in the cells, the latter at once take the liase awav from the carbonates 



THE INTRACELLULAR PROCESS OF EXHAUSTION 125 

and make a bicarbonate wliicli is scarcely acid at all. Other weak acids are 
held in reserve. 

9. Fatigue develops more readily when alkalinity is much reduced. 

10. Athletes till their blood with oxygen to facihtate oxidation of waste 
products, thus minimising acidosis. 

11. Muscular exertion produces lactic acid, which is reduced by oxidation ;. 
if unreduced lactic acid remains, there is fatigue. 

From these facts we deduce that, as compared with other cells, the brain- 
cells possess hut little intraceUular protection against acidosis. From this de- 
duction three inferences are drawn ; — 

1. That there are certain mechanisms outside the brain designed for its 
protection against acidosis. 

2. That the function of the brain-cell is so unique, so different fr(im that 
of other cells, that the brain-cell cannot store food and jjrotective materials 
witiiin itself. 

3. That acids must serve a useful purpose to the brain-cell in the performance 
of its specific work. 



II. Do Acids Play a Role in the Function of the Cell ? 

From the foregomg we conclude that the va^t protective mechanism 
which was evolved as a protection against intracellular acidosis indicates 
that since a process having such dangers has been evolved, then it must have 
selective value — it must be vitally useful. Animals never evolve a menace 
to themselves — only advantages are evolved. What, then, is the Ijiologic 
advantage to the organism which results from the presence of acids in the cells 
— what is the vital benefit and what is the vital danger of the H-ions in cell 
processes ? 

It is probable that oxidation and the consequent acidity are parts of the 
most fundamental processes in the cell ; that the H-ions and tiie OH-ions 
are agencies by which the cell is stimulated to do work. The intracellular 
acids produced by oxidation are probablj' a part of the mechanism which 
fabricates electric energy. The acids and bases of batteries are essential to 
the creation of electric energy. The H-ion, upon the presence of which acidity 
depends, is the smallest and the most swiftly moving ion. Consequently, 
when H-ions are formed in the cell by oxidation, they are tlie frrst ions to reach 
the cell boundary. 

It is probable that the H-ions play an essential role in the creation of energy 
within the cell ; and it is possible that the intraceUular acid which results from 
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oxidation within the cell may play a role similar to that played by hydro- 
chloric acid in a battery -with metal poles. Li this analogy the nerves would 
correspond to the copper wire which Sir Wilham Ramsay has stated is per- 
meable to electrons but not to metal ions. Thus, as Ramsay has said, the 
copper terminal constitutes a semipermeable membrane. In the biologic cell 
battery, also, there arc semipermeable membranes. Such a conception suggests 
further the brain-cell's lack of neiitralising agents within itself, for the intra- 
cellular acid may serve as an essential element in making the brain-cell an 
efficient battery. 

LitraceUular acidosis is not the only change in exliaustion, for if an animal 
in exhaustion or m acidosis resulting from hj'drochloric acid poisoning is given 
sufficient alkali to re-estabhsh the stainability of the cell, the exhaustion is 
by no ineans overcome. That alkahne restoration is largely a veneer is in- 
dicated also by the fact that the power of the brain-cells to receive alkaline 
stain is soon lost, provided the animal is not allowed to sleep. If allo\ved to 
sleep, then the alkahne stainability ^'iill )je quickly restored. 

Even the intracellular changes caused l:iy hydrochloiic acid jjoisoning are 
overcome only during sleep (Figs. 90-98). Since the body cells act like batteries 
and since electric batteries, during action, exhibit the continuous passage of 
ions in such a direction as will dejiletc the original store of energy and lower 
the cai:)acity of the battery for doing further work, or in other ^\ ords in such a 
direction as mil depolarise the cells, it follows that sleep, and sleep alone, can 
accompUsh restoration of the original condition or repolarisation. 

III. Physico-Chemical Consideration of tlie Intracellular 
Mechanism of Exhaustion 

If we acce2)t tlie view of jihysicists and biochemists (Du Bois-Reymond, 
Nenist, Betiie, Lillie, ]\Ic(.'lendon, Mathews, Osterhout, Loeb, Bernstein, 
A. V. Hill, Wm. Ostwald, Piper. MacDonald, ]\Ieyer, Crehore and WiUiams, 
and many otlK'i's). that the functions of cells relate to electrical processes, 
new poults of departure in our further consideration of exhaustion are opened. 

It was such a conviction that led me to enlist in our researches the co- 
operation of two physicists, G. B. Obear, of the Case School of Applied Science, 
and iliss Helen R. Hosmer. The findings in this research liavc been reported 
in Chapter I. The data we desired from these phj'sicists bore the following 
relation to our j^reccding work ; — 

We had long pursued and at last estabUshed a constant relationship between 
exhaustion and certain physical changes in the cells of certain organs, especially 
of the brain and tlie liver. We wished to know if the pihj-siologic exhaustion 
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and the histologic changes were accompanied by parallel cliangcs in electric 
conductivity. Tlie histologic changes in the cells, and thi' exhaustion of tlie 
entire individual, could be achieved cither by an exircniely short, period of 
intense activity or by a long period of mild activity. We wished the physicists 
to tell us whether or not there is phj'sical evidence that intense short 
applications of strong stimuli produce the same changes in the organism as 




t'iG. yii. — Ri'stonitive EH'eot nf Sluep in the riL-scnre of Acklnsis. 

A, .SL'Otioii uf nornuil ccrcbelluni. 

B, Section of cei-ebellnni after the intravenous inject inn of liyilinclihirir ai'ii.l. 

C, Section of cerebellum when tlie animal had had a prnlou^^i-il ix.M'i^'d ol sh-cp after the 

injection nf hyilrochloric acid. 

( From pliotomicrographs. - ;{I0. ] 



are produced by the prolonged application of weaker stimuli. The edema of 
the cells was interpreted as being due to changes in electrol}^ic concentration. 
Certam physical changes in the cells, at least, should be detected witli even 
greater accuracy bj' determination of the electric conductance than by micro- 
scopic examination. 

The salient facts established by this part of our research are : — 

I. The conductivity of the cerebrum is higher than the conductivity 
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of the cerebellum cxceptmg m the tetus (in the rabbit) and earliest daj's of 
extra-uterine life, when this relation is reversed, the conductivity of the cerebellum 
of the fetus being higher than that of the cerebrum. This reversal is apparently 
coincident with the beginning of conscious activity. 

2. In extreme exhaust inn from any cause, the conductivity of the brain is 
decreased, and the conductivity of iJie liver is increased. 




I''h,. '.17. - Kr^liiral |\r VA\v:{ III' SlfOp in llll- I'lU.Sulh.r nl .\r|il...^lS. 

A, Sijl-tiiill n\ IhilTll.'ll liver. 

I;, Si'flii.ri ..f ln.T .-iflrl- III,, ml |-.-i\illull,, irijrr.li \ liy.ll-i.rlil.il'lr ;|ri(l. 

( ', Sc(.:t)cill nl' ll\rl- x\ Ih'II I llr ; al Ii;hI lia<l a, | iruli ai.L^r, I |irri(,(l ui >lrr|i afti-r tlir iiijia'tioil 

nl liy.||,,-'lll..Mr .irlil, 

( I'nilll |ilHilMlllirrnm;llilis, li;4U.) 



3. In every ty])e nf exhaustion changes in conductivity were observed, 
these changes in general corresponding with the histologic picture. 

The conductivit}' changes in the liver are more marked and appear more 
promptly tlian the changes in the brain. 

Wliy is as much change in electric conductance jiroduced bj' mere quiescent 
insomnia, as by massive injury, overwhelming infection, intense emotion, 
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extreme exertion, etc. I On an tlertroH'lieiiiical )ia>is I his may possibly l)c 
explained by assuming that the -neak electric impulses that perform mild work, 
and the strong impulses that perform intense work, are in each case Howing 
constantly in the same direction, and therefore tiie total tiansfer of electrolytes 
in each case obeys Faraday's law of electr()l3-sis : Tin: mass of an rlectroli/te 




Fig. 'JS. — Flf.stiiKitivi' KHirt nf Mrup ill the rrcsenc-e of Aciih'^i^. 

A, Sectiijn of normal adrtna]. 

B, fSeotion of adrenal aftvr tin; iiitravenoiiK iiijr'tion of liyilroi'ldoric acid. 

C, Wection of adrenal «lirn tin' animal had had a iirohaiL't-d pcricjd of slee[i after the 

injection of liydiorhloric ar-id. 

(From plnjtoiaicroL.'[aiihs. Iii40.) 



set free hy the passage of a current of eleclricity is directly 'proportional to the 
quantity of electricity ivliich has passed through the electrolyte. 

Glazebrook contments on this law as follows : ' It is a consec^uence of the 
first law that ... a weak current flowing for a long time procUices the same 
deposit as a stronger current flowing for a shorter time, provided the quantity 
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of electricity transfericd is the same in tlie two cases.' 8uch a transfer of 
electrolytes when carried far enougli may \\ell destroA' that state of electrical 
surface polarisation which Lillie states is a constant characteristic of living 
cells. 1 

If we consider the organism to be an electro-chemical mechanism, then the 
organism not only in exhaustion and shock but also in conscious normal 
activity, and in the antithesis of conscious activity — normal sleep — must obey 
the laws \\liicli govern the operation of electrical batteries. It is only during 
sleep that cells return to the normal — normal in appearance under the micro- 
scope, normal in electric coiiduilivity, normal in function. In other words, 
it would ajjpear possible that the phenomena and bcliaviour of man in tlie 
maintenance of normal consciousness, in exertion, in emotion, in fever, in 
injur}', etc., obey Faraday's la^-. 

Apparently, A\hen there has accumulated \\-ithin the cell a sufficient amount 
of acid to overcome the factors of safety, and every pait of the cell has become 
acid, or when, through repeated discharges of energy, depolarisation has become 
complete, the difference in potential l.)ctween interior and exterior is lost and 
the acidulated cell can do no Mork. The cell then is m the state vi exhaustiim. 

From the foregoing considerations we conclude that, in exhaustion, t\\"o 
of the outstanding facts arc intracellular acidosis and an abnormal redistribu- 
tion of electrolytes, such as will produce depolarization of the individual cells. 
These physico-chemical changes in the cells, which are Ix-lieved to be disabling, 

have Ix-cn demonstrated by t\\o types of oljjective evidenci histologic 

changes, and clianges in electric conductivity. Evidence along these lines, 
accumulated in our laboratory, has been given in ( liaptcr I. 

TIic intcrprt'tation to\\"ard wliich we are f)eing led seems to lie in the 
domam of phj-sics rather than of i^rescnt-day physiology and pathology. In 
the folloA\ing chapters, therefore, Ave shall develop the argument along 
j)hysical liin's. 

' Lillit', K. S. : /;i.i/. j;nU., l;»17, xxMii. 1:1,5-186. 



CHAPTER IV 

AN ELECTRO-CHEMICAL HYPOTHESIS AS TO THE 
-MECHANIS:\r OF EXHAUSTION 

I. Is Exhaustion the Expression of the Failure of an Electro- 
chemical Mechanism for the Transformation of Energy ? 

Biochemists have led the way t<> mkH a conception. Followmg their lead, 
and owY laboratory and clinical findings, the follo^\ing hypothesis as to the 
mechanism of exhaustion is proposed. 

Let us suppose, as Mathews suggests, that the brain converts jiotential 
into electric energy, and that it is the driving force of this electric energy that 
enables man and animals to achieve adaptation to environment. If it were 
proven that the brain actually does fabricate electric energy as its chief 
energy -transforming function, then the translation of this electric energy 
into the driving force whicli operates the body A\'ould not be difficult to 
follow. Let us test this hypothesis as far as our limited knowledge will 
permit, and see liow far it will harmonise laboratoi'v and clinical data. In 
support of the electro-chemical hypothesis are the folhnving facts ; — 

1. Electi'ic stimulation of the controlling nerve .sujjply of the various 
voluntary muscles and of the vari(jus glands of the body makes these nniscles 
and these glands do what the brain makes them do. 

2. Stimulation oi the motor area of the cortex cif the brain causes muscular 
acti\-ity resembling everyday voluntary activities, such as closing tlie liand, 
bending the -^vrist. tlie elbow, the ankle, the knee or the thigh. che\\'ing, turning 
the head, tuining tlie ej-es. puckering the lijis, increasing the respiration, etc. 

3. Gotcli and Horsley ' have sho^\■n tliat during electric stimulation of the 
cortex, causing muscular action of tlie leg, a sustained electro-motive force 
was demonstrated in the sjiinal cord dining the continuance of the stimulation. 
Not only did thej- demonstrate an electric ^^•ave. fnit they were able to picJv 
out the conduction paths in tlie s])inal cord over which this wave travelled. 
The current found its waj' along the intricate jiathway from cortex to muscles, 
passing over the various s_vnapses A\-itli accuracy. 

I Gutch, F., iind Mi.rslcy, V. : 77/ -7. T,a„.<., 1«01, clxxxii. 267-.V2G. 
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These facts seem to indicate that electricity is adapted to tlie organism ; 
and that the organism is adapted to electricity. 

The severing of the nerve connection between the brain and a nuiscle leads 
not only to paralysis, but to atropliy of the muscle ; but if the muscle be 
made to contract at certain intervals by electric stimulation, no atrophy of 
the muscle follows. Electricity does for the muscle, as far as its function 
and nutrition are concerned, what the brain does for it. Therefore, electricity 
is adapted to the muscle and the nniscle is adaj^ted to electricity. 

4. Piper ^ showed that soiuid waves originate an electric current in the 
auditory nerve of fish. Electric stimulation of the auditory apparatus causes 
sound. Electric stimulation of tlic optic nerve produces the sensation of 
light. Einthoven and Jolly - confirmed the discovery made by Holmgren 
in 186G, that when ligjit falls on the retma an electric current is produced in 
the optic nerve. That is to say, hglit produces electricity in tlie optic nerve ; 
electric stinndation of the (i]i(ic nerve produces light. The observation of 
Einthoven and Jolly is highly imjjortant in another respect. The nerve 
mechanism of tlie eye is a jiniijection of a part of the brain tissue on a stalk 
through an opening in the skull. Therefore, if this part of the brain mechanism 
is electro-chemical, we ma j' suppose that so also are the olfactory centres, the 
centres of common sensation, and other parts of the brain. 

5. Excessive electric stimulation of glands, such as the salivary glands, 
causes intracellular changes analogous to tlie changes present in the brain- 
cells in exhaustion (Howell).^ 

6. Excessive elect lic stinndation oi the ailerent nerves to the brain, or 
excessive electric stinndation of the bram itself, causes exhaustion of the 
brain-cells, just as excessive normal stimidi cause exhaustion. Protracted 
light electric stimula(i(jn ])i'oduces Ijrain-cell changes seemingly identical 
with the changes produced by stronger stimulation for siiorter periods, i.e. 
they aijparcntly obey Faraday's law. 

7. Howell"* states (luit i\hcii nerves of one Jvind are sutured to nerves of 
another kind, the reaction is determined by tlie end mechanism, and he states 
further that efferent nerves arc like electric wires — the effect of their stimula- 
tion depends on the mcchanisnis found at (lieir ends. The same clectricitj^ 
going over like wires may < ausc tlie explosion of powder, operate an arc light, 
turn a wheel, or do clectruplaling. it has lieeii said that if wv could attach 
the optic nerve to tiie ear and tlie aiulitory iicrvc to the retma, we should see 
thunder and hear liglitning. 

We have now reviewed some of the normal functions of the body which 

' I'iper, H., r/J<! Stiirlin-, K. II. : l',i,n',plc-; nf 11 n m,, h rinjsinliujij^ l!)15, p. (103. 

2 Einthnvfii, W., iuhI .lolly, W. A. : y,/,i,7. /. AV;,, ,-. Phfjsi.iL, lyOS, i. 37:3-41(;, 

3 Hnwell, W. U. : IWt-lhuh of I'hijsiuhHjij, una, |i. 7.^1.' ' Howell, W. n. : //--/,/., p. 80. 
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are controlled b_v electricity precisely as they are controlled by nerve action. 
Is it probable that two things which are proved ecpial to the same thing, 
i.e. forces which are so perfectly interchangeable, so capable of ])roducing the 
same end-effect, with the same equipment, in a tliousand reactions, are 
unlike each other in their essential characteristics ? 

8. Is there direct evidence that potential energy is transformed into 
electric energy by the brain-cells ? 

As the result of tlie passage of the normal action current doAra a nerve 
fibre, Tashiro ^ has sho^Mi that nmch carbon dioxid is given off and much 
oxygen is consumed. That is to say, the nerve fibre transforms energy. 
Tashiro has sho\ni also tliat when a nerve is stimulated by electricity, carbon 
dioxid is given off, and oxygen is consmncd in just tlie same way ; but in either 
case, no heat is produced. A. V. Hill,- tlirough exhaustive studies, confirmed 
Tashiro's findings as to the absence of heat. Benedict also has demonstrated 
that no heat results from brain activity. 

9. During the passage of a stimulus initiated by normal brain action, there is 
a negative variation. Gotch and Horsley ^ demonstrated a persistent negative 
variation in the cord during electric stimulation of the Eolandic area. That 
is to saj', the passage of an action current over a nerve, M'liether that action 
current be the result of electric stimulation or of environmental stimulation, 
produces identical phenomena in the nerve over which it passes. 

Lr the case of the action current in a nerve, there is no motion ; no heat 
is produced, no light is produced ; therefore, the nerve during stimulation 
probably produces electric energy. The axis cylinder is a part of the nerve-cell. 
If one part of tlie nerve-cell (axis cylinder) transforms potential energy into 
electric energy, then we conclude tliat the remainder of tlie nerve-cell may 
transform potential energy into electric energj- without passing througli tlie 
form of heat — as is known to be the case in the electric fish. The pre- 
sumption, then, is strong, if not conclusive, that nerve-cells transform potential 
into electric energy. 

10. Among the difficulties in tlie way of the acceptance of the theory, 
first proposed by Du Bois-Rcymond, that the action current and electricity are 
identical, is the fact that the speed of the action current is low as compared with 
the high speed of the free electric current passing through ionised air, or through 
good conductors. Here, again, we turn to the jjrinciple of adaptation for aid 
in harmonising this difference. We must see Avhat evidence there is tliat 
nerve tissue has been evolved to slow the electric current to a biologically 
workable speed, for. obviously, the instantaneous action of electric currents, 

1 Tasliiro, S. : .im. J. I'hii-inl., i;il,3, \xxii. liJV-136. 
- Hill, A. V. ; ./. Plnj.i,nL, 1012, xliii. 43:5-440. 
, '■ (jrjtcli, F., an.l Horsley, W : Inc. nt. 
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travelling at the rate of free electrieitj' in the air, ^\■oukl rattle the skeleton 
of man to pieces, and make his )noveinents biologically impracticable. If 
there is in the nerve -muscular sj'stem a mechanism which s1oa\s clown the 
passage of electricity, then tlie speed of electric stimulation would approximate 
that of normal brain action. We have seen that on electric stimulation of the 
cortex of the brain in ]nan and animals, the time that elapses between the 
electric stimulation of the cortex and the muscular response is approximately 
the same as that consumed ii^ a voluntar}- lesponse. The voknitary stimulus 
and the electric stimulus start at approximately the same point and arrive 
at their goal in approximately the same time. Is not each it>])onding 
alike to a mechanism evolved to control the speed of the electric cuirent to 
a biologic rate ? Is there other e%'rdence that a retarding mechanism exists '. 

Nernst -^ has supposed that the electrolytes in the axi> cylinder lie witliin 
membranes which are impermeable to certain ions. \\'lien an electric current 
is passed through a nerve, it is conveyed by the dissociated electrolA'tes, causing 
an accumulation of positive ions at one ponit and of negative ions at anotlier. 
When the concentration reaches a certain point, excitation occurs. A. V. 
Hill- supports Xernst's general thcdry. and has treated the subject mathe- 
matically. JMcClendon, Bayliss, Lillie, and others take a similar view . Such 
a mechanism would be competent to control tlie sjjeed of conduction. The 
synapses also diminish (he speed. [Mact'allum, by miero-chcmical methods, 
showed that because it contains a greatei' concentration of eleetrolytes, the 
axis cylinder is a better conductor than the medullary sheath. (Jrehore and 
Williams ^ have put forward strong evidence in favour of the identity of the 
action current and electricity, and -were able, l;>y calealation, to predict the rate 
of conductance of artificial nerves. i\leyer^ found that alteration in tlie 
concentration of electrol^les in the sea. \\'ater, m \\"l)ieh tla' nerve (if a maruie 
animal was suspended, altered equally tlie rate nf thdr^c coudadiv'dij of the 
water and the rate of nerve conduction. Apparently nerves are core conductors. 

Further evidence C)f the identity- of nerve impukc and electricity is found 
in the fact that a rise of one degree of (eiupei-aturc inei-eases electric conductivity 
2'5 per cent. This should Ijc compared witli tlie finding that, vvitli eacli degree 
of rise in temperatuie, the metabolism of the organism i> ineii'a--ed lu per 
cent. If electricity is the motive force vf metabolism, then whatever facilitates 
its conductance (e.ij. ]n-at. iodin) increases metabolism. 

11. Our electric conduct i\-ity studies have shown that, crccpiinij in the 
fetuv, the spet-ilrc conduct i\"ity of tlie ccn'firuin is always higher than that 

1 N.Tii.st, W. : A,rh. 1. ,1. G..<. Hni<inl., l!iiis, r\xii. ii7.^-:5l4, 

= Hill, A. V. : ,/. /'/,.,,■-„/, 1910, ,xl. l;io-2i'l. 

3 Creliniv, A. ('., ,111.1 WilliaiiLs, H, ];. : /',,.,■, S.h-. Exj,. /;,,,/. ,(»,/ M,,l.^ I'.JIM, xi. 5S. 

< M(WPi-, It 11, : Mnn,-I,. Me,l. Il'dnisrlir., Ill li, Ivi. ifiTT-loSO. 
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of the ceivbellnm, and that the eomluctivity ot the vdluutaiy muscles is tlic 
highest of any of tlie tissues of the Ixxly. Therefore, if tlie brain-eells create 
electricity, it would flow out through the cortex, and tinis, we may supi)Ose, 
activate the motor area, passing thenee along the lines of least resistance 
to the voluntary muscles. Striking conlirmalion of this assumj^fion is found 
in the fact that in the fetus the relative conduct ivit it's of tlie cerebrum 
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and of the cerebellum are reversed. That is, before conscious life begins, 
M'hile the motor areas are silent, the current following the lines (if least I'c- 
sistance activates only those centres which govern vegetative actixity (see Eig. 
84). During intense excitation caused by physical inj\iry, emotion, infection, 
strychnin con\adsions, and tlie injection of adrenalin, the conductivity of the 
brain is increased. In the stage of exhaustion the conductivity is decreased. 

12. All living matter sho«s electric energy ; dead organic matter shows 
none. It is electric energy that organises cells — e.;/.eleeti'ic treatment jirevcnts 
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disorganisation of the muscle when its nerve supply has been di^adcd ; if the 
eyes of puppies are permanently closed by operation at birth, the correspond- 
ing parts of the brain-cells do not develop. 

13. Burdon-Sanderson 1 first demonstrated tliat motor plants, such as 
Venus' Fly -Trap and the .Sensitive Plant, show electric variations during their 
activity. ' Waller ^ extended these observations, and designated the electric 
variations ' blaze currents of action.' Bose ^ has found evidence of the identity 
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of vegetable and animal acti\'ity, demonstrating that each results from the 
ojoeration of an electro-chemical mechanism. 

14. Wlieii wu consitlcr the structure of the receptor mechanisms of the eye 
(Fig. 99), of the car (Fig. lOd), of the taste bulbs, of the touch corpuscles ; the 
nerve cndhigs in muscles and glands (Fig. 101) ; the fait that nerve processes 
do not meet, Init eomniunicate through synapses (Fig. K>:2) ; — A^hat agency 
l)ut electricity could traverse and activate such a mechanism (Fig. 103) ? 
It ^\■ould seem tliat chemical action could im more operate this infinite net- 

1 Burdon-SHink-rsoD, J. S. : 77m/. '/'/■-, ».., Issl', i. 1-:.:. ; IsSS, ii. 170 n\ 417-J49. 
= Waller, A. D. : RrpnrI Dnt. Jss-, .|,/r. ,S'r., 11)13, \,>n\,\. ; l!l|-l, y\<. ■241--J.-.S. 
' Bose, .1. (J. ; Phnd Hci^ihhi^,' lU « ^fom^ nf FhijAinln.jiml L,rt:M'nj,UiiMi, 1006. 
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work of conducting wires of microscopic size llian cliemical processes could 
travel in free space to activate tlie tireless lelejilione or telegraj)}! ; or take the 
place of the wireless control of the locomotion of a boat at a distance. Even 
a glance at the finer strncture of the sense organs and the brain will tell us 
how difficult it would be for chemical processes 1o follow microscopic inter- 
lacings in a semi-fluid medium without spreading ; how difficult it would Ije 
tor chemical action to leap across sjaiapses, and traverse the infinitesimal, 
interwoven wires of the brain. On the other hand, electricity shows that it is 
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qualified to do just this ; it has done just this, and ma}' be seen in the act of 
doing just this in every form of hfe. It is electricitj^, not cliemical action, 
that operates the telephone, the telegraph, the wireless. A savage would 
probably regard these as operating spiritually or bj' a vital action. 

The mere fact that the brain has no insulated nerve paths may suggest 
infinite confusion in the passage of electric currents : but this apparent diffi- 
culty lends itself to a harmonising interpretation, viz. that the electric 
current elects pathways facihtated by ontogeny and by phylogeny, these 
providing the means for a vast variety of response. We may regard the free 
fibrillar endings in the brain as receptors for electricity, just as the free endings 
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of the optic nerve are receptors for light. Analogous to these receptor 
mechanisms arc man-made meclianisms — the receiving instrnment of the wire- 
less telegraph, the 'selenmm eye' of Hammond's artificial dog, the audion. 

l.'). Anesthetics diminish the power of the brain and of the muscles to do 
work. Our electric coiidiictivity measurements show that ether diminishes 
the conductivity of the cerel>elhim. Lillie i has pointed out that anesthetics 
interfere with the increase (jf jiei niealjihty of the semipermeable membranes 
to the passage of ions. Anesthetics dimmish the physiologic activity and the 
electric jjhenomena of j)lants. 




Fll^. 102.- Sclirlii.i lllll-l lat Ml- 111.' Aul. nilr l',all> nl A.'tidll. 

A.la|ili-.l frun, llnurll, T, xi - Dvok of I'h y.-^inhnjij. IlllH, |,p. 1411. 247. 

10. The process of c)xidati<iu. A\liich is the only means by which body- 
energy is secured, is an electric process ; it is transference of negative and 
positive charges. The basic property of protoplasm, viz. irritability, is shown 
b\' biochemists to Ijc due to changes in permeability to the jiassagc of ions 
through the semipermeable membranes of cells. Cells arc the units which 
generate tlie jJower of the liody — cells are electric batteries (MatlR'ws, Lillie). 
Electricity is concerned in the changes in permeability of tlie semipermeal>le 
membranes of cells and in the surface tension phenomena ; it is manifested l)y 
the electrolj'tes and colloids foimd every"\\"hcre in the cells. 'J'he cells are con- 
structed as if for the creatimi of electricity, or for being operatetl l>y electricity. 
It M'oidd l)e as difhcult In sIi()a\' that a A\"ireless apparatus or the telegraph or the 

' Lilhr. i;. S. : /;,<),'. Bull, 190;», xvii. 1S8-20S. 
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telephone is designed to operate as a pun'ly elieniieal niaeliiue, or to be operated 
by some mystic foree, as to show tliat tlie organism, the basis of which is the 
cell, is so operated. The smaller the cells, the greater the ratio of the snifaee 
area to volume ; the greater tht- surface area, the greater tlie capacity to 
carry an electric charge. The brain-cells arc exceedingly small, and are ideally 
adapted to enable the brain to bear maximum electric charges. AVhencver 
the body of a cell and its nucleus have lost their difference in potential, as 
by acidity, or by pienetration of the nuclear membrane, etc., then the cell 
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soon loses its ability to do work, just as in the electric liatfcrj-, if there is no 
diiierence in potential, there is no electro-motive force — no po\\cr to do work. 
17. Evidence of the identity of the action current and electricity is not 
confined to laboratory and clinical observations ; there is evidence in natural 
history, also. There is no more fallacious evidence, if A\rong, and no more 
ceilain evidence, if right, than that secured by reasoning from the criteria of 
the biologic struggle and survival of species. On the assumption that such 
evidence rests on a sound basis, we shall base the following argument on the 
premise that the outward form and the inner pirocesses of man and of animals 
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arc the result of an age-long struggle iov .survival. The presence of powerful 
horns in one animal presupposes a strong muscular enemy. The presence of a 
iceen sense of smell j^resupposes odor in an antagonist or in the animal sought 
for food. The presence of the skunk's repellent odor presupposes the keen 
hostile scent of hunting enemies. The presence of the Ijarbs of the porcupme 
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presupposes the soft, \'rilne]'a)jlc no.^c of the carnivorous jnirsuer. The presence 
of color or of form oblitci'atidn jire.siipjxa.'ses the sharp e}'e of an enemj'. 
The presence of fleet limbs jiresupposcs an adversary of lithe muscles. In the 
long list of defence mechanisms, whether active or passive, the defence relates 
to some force used Ity the enemy. The means of defence is not created anew ; 
ineach case it is a niodihcation of jirc-cxisf ing tissue. Thus the horns, the barbs, 
the carapace, are modifictitions of the skin ; jtoison and odor are produced by 
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modified glands. Just as the lleet limbs of puisuit resulted in llie ileeler 
limbs of escape and stronger horns of defenee, so the sharp t(_ioth -was met by 
the hardened earapaee, the keen nose by the repellent odor, the I'leetrieally 
driven jaws bj' the higher electrical charge of tlie fish and eel. 
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? ]\Iay 'we not 

infer that it was due to the fact that a stronger electric charge would neutrahse 
the weaker electric stinndus of the muscles that would attack the electric fish ? 
For in the pursuing animal, we sup]iose that flie electro-chemical mechanism 
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is slowed cIoavii adaptively to permit orientation and a rate of speed that will 
not shake the body to pieces, while the electric fish has the advantage of a 
free electric charge, which is about a million times swifter in its release than is 
the evolved bioelectric cliarge of tlie attacking animal. The higher potency 
of the electric charge of the defending animal would instantly overcome and 
disorganise the lighter and biologically slow electric charge operating the 
muscles of the pursiung enemy. iJahlgren ^ has shoMii that tlie electric fish 
does not store electricity, but that the electricity is fabricated instantaneously 
l.)V the cells. The evolution of large numbers of cells in series gives this great 
electric power, ^^'ere tlie iruiscle mechanism of animals not electro-chemical, 
would there be any more likelihood that there would liave been developed 
animals with electric defence, than that there would have been developed 
fleet muscles for escaping if there liad Ijccu no fleet muscles for pursuit ; 
or that the defence of odor would have been developed, liad there not been 
an liostile nose \ 

If one function of the brain be the tran.--formation of potential into kinetic 
energy, in the form of electric energy, then it should not be difficult to suggest 
the method and the mechanism by which this electric energy drives the body. 
One woidd supi^ose that the brain-cells, like the electric cells of the electric 
hsli, are charged \\\\\\ highly evolved. laf)ile energy ready to be instantly 
liiinsformed into electric energj' on the arrival of the adecpiate stimulus. 
The electric charge thus set free within tlie operating mechanism has a free 
run among the various parts of the Ijrain and do^^"n the nerve fibres to the 
nuiiK'r(Jus muscles and glands. The receptor mechanisms — tlie touch and 
pain receptors, the receptors for Maves of light, the receptors for waves of 
sound, the chemical receptors for apprehending taste and smell and foreign 
proteins, the receptors for apprehending changes in acidity, the thermal re- 
ceptors for appraising external heat and cold, the receptors for apprehend- 
ing distention and oljstruction of tlie viscera, — all these receptors when 
adequately stinnilated A^ould activate the mechanisms that give response, 
the excessive activation of Avhicli would lead to exhaustion. Thus, lying, 
sitting, standing, chills and fever, talking and jumping, inlaying and working, 
sighing and fighting, laughing and weeping, eating, sneezing, vomiting — all 
would be executed by means of tlie activation and inhibition of the electrically 
driven muscles, as long as there is liir. 

How easy it is to conceive that tlic wnrk of the liody can be aceomphshed 
through the operation of an internal elcrt in-rliemical mechanism, when the 
clum.sy man-made electric battery can act as a substitute lor the mfinitely 
delicate, living, biologic, electric mechanism \\liicli lias Ijcen evolved through 
fcons — the highest achievement of infinite struggle and survival. That a 

1 Dahl'^ren, I'lric : (Airneijie Institute, "Wnsliini^'lnn, I'lililicalion Ni'. 1S:5. 
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crude, man-made electric method of stnuulatiuii can jiiake the biologic electro- 
chemical mechanism do its work suggests that tiie biologic elcctiic meclianisui 
of animals was evolved to utilise electricity as its means of achieving adajita- 
tion. 

From the foregoing considerations. \\'e maj' infer that man is an electro- 
chemical mechanism ; that within this mechanism the brain and nerve cells 
have been evolved in the age-long struggle for survival for the transformation 
of potential energy into electric energy ; that the energy -transforming fmiction 
of the brain-cells is so vital that the brain -cells are not hampered by the presence 
of lifeless, inert matter in the form of food ; or in the form of elements which 
protect against acidosis or agamst want of oxygen ; that the food and the pro- 
tective mechanisms against acids are contained within the cells of other organs, 
especially the liver, which apparently holds fuel in loose chemical bonds just as 
the blood itself holds oxygen in loose cliemical bonds. The acid by-products of 
the energy-transformation in the brain-cells are at once picked up by the butTer 
substances in the rich suppty of blood and lymph, and in turn these substances 
are taken from the blood bj' the liver. In acidosis, we may suppose that the 
liver thro\\'s out glucose for the protection of the Inain. In asphyxia, the 
anaerobic oxygen iii glucose appears in the blood fur the protection of the 
bram. When acidosis develops as a result of lack of oxygen, lack of food or 
water, overwhelming stimuli, excessive work, or lacli of elimination of acid 
bj--products, or any other causes such as ancst hcsia or t he presence of cyanides, 
or when any other causes prevent the l^rain-cells from transforming potential 
into electric energy, then there is exhaustion. Exhaustion appears also when 
the mystic reversible process of sleej) is wanting. Sleep is the daily restorer 
of the brain, hence restoration, like exhaustiem. begins and ends in the cells. 



II. An Electro-Chemical Interpretation of the Inceptive 
Stage of Primary Shock 

In accordance \vith tlie conception tliat the plienomena of exhaustion 
are electro-chemical phenomena, the inceptive stage of primary shock may be 
interpreted as follo\\s : — AVe may assume that an electro-chemical mechanism, 
such as the brain-cell, evolved so delicately as to be responsive to infinitesimal 
physical forces, such as a ray of light falling upon the retina, is a mechanism 
that may be easily injured. Just as the direct rays of the sun injure the 
photo-electro-chemical mechanism of the eye and cause impairment or loss 
of sight, so we may suppose the bi'aiii-cell can be functionally imimired or 
broken down by the excessively violent stimuli of trauma. Tlie mechanism 
of sight is evolved too delicately to endure the direct rays of the sun ; if it 
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were evolved to endure tlie direct rays of the sun it would probaljly be irre- 
sponsive to ordinary light. By analogy, we maj' reason that if the nerve 
receptors of common sensation were so obtuse as to respond normally to a 
compound fracture of the thigh, they would fail to record the everyday lighter 
contacts. The sensory mechanism is adapted to the lesser environmental 
contacts — not to fractured thighs or evulsions of limbs — just as the eye is 
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attuned to ordinary light, not to the sun itself. If this reasoning l)e correct, 
then stimuli of excessive intensity would cause an immediate, impairment of 
the power of the brain-cell to do work. 

If the brain-cells suiter an immediate internal injury as the result of ex- 
cessive trauma of sensitive tissue, then one would expect to find immediate 
evidence of that impairment in altered conductivitj-. and in change in the 
reserve alkahnity in the blood coming from the brain. Our electric con- 
ductivity studies have shown that in the inceptive stage of shock there is an 
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early increase in the alkalinity of the blood coming from the brain, and 
an immediate increased conductivity of the brain-cells followed quickly by 
a decreased conductivity (sec Figs. S3 and SS-90). These findings sujjply 
the evidence that the brain suffers an immediate impairment of function 
independent of a decrease in blood -pressure changes. These experiments may 
be open to other interpretation ; but they indicate an immediate impairment 
of the function of the brain before the blood-pressure falls. This inceptive 
stage is indicated also by the early stage of hyperchromatism demonstrated 
in our histologic stucUes. 

From these experiments it appears, with cpiery as noted, that intense 
traumatic stimuli cause an immediate injury to the brain-cell analogous to 
the injury caused by direct sunhglit upon the photo-electro-chemical mechanism 
of the eye. Therefore, in overwhelming traumatic psychic or toxic stimuli, 
the loss of the power to fabricate heat, the loss of muscular power, the loss of 
mental power, would be a natural secpience — an end effect. 

These experiments apparently estabhsh a continuity of disabiUtj' from 
the mception of the injury through the period in which the factors of safety 
are consumed until finally the resulting lo^^• blood-pressure with its injuring 
cycle of events causes the ultimate breakdo\Mi of the mechanism. If our inter- 
pretation of these experiments is correct, then the missing link between injury 
and the inception of primary shock and secondary shock is sujiphed by the 
extension of the kinetic theory to include the electro -chemical conception as 
stated. 



CHAPTER V 

A THEORETICAL CONSIDERATION OF THE MECHANISM 

OF RESTORATION 

I. Histologic Evidence 

As seen under the nneroscope, the first physical change in the brain-cell 
which results from intense stimulation from any cause, is hyperchromatisni. 

2. Hyperchromatism is always followed by c]tro)iiatoIysis. 

3. ChromatoJysis is attended b}' increasing edema. 

4. Edema, if too great, causes the covering membrane of the cell to rupture. 

5. Buptnre of the covering membrane of the cell is soon follo^\•ed by rupture 
of the covering membrane of the xueJeus. 

6. Nuclear function of the brain -cell is lost ^vhen its membrane ruptures. 

7. Rupture of the nuclear membrane, if extensive, ends permanently 
the activity of the cell — causes its death. 

8. Death of the l)rain-cell, then, is one of the final sequchT: of extreme 
exha}(stion. 

9. E.diaustion of the cell t(.> a less degree than to the death point, is followed 
by restoration. 

10. Restoration takes place ciiicfly, perhaps only, during sleep. 

11. Sleep is the antithesis of actirily, and no brain-cell can work and live 
without sleep ; sleep restores that property of the cell by means of whieli the 
cell is enabled to show a differential stain, by means of which presumabl)' 
a difference of potential is maintained, making possible consciousness. 

12. Consciousness is the active phase — sleep the negative phase of the 
brain-cell. 

II. Electro-Chemical Bases of Restoration 

1. Assuming that cells are electric batteries, the maintenance of whose 
eleetro-motive force depends upon the semipcrmeability of the plasma 
membrane, and that electric batteries, during action, undergo a continuous 
passage of ions in such a way as to deplete the reserve of ehemieal energy and 
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eventually destroj- the electro-motive force or polarisation of tlie battery, 
it may be inferred that sleep marks the reverse process of repolarisation, or 
reaccumulation of electrolytes so separated by a semipermeable membrane as 
to give rise to electro-motive force. 

2. Polarisation and de polarisation — i.e. the periods of activity and of sleep — 
like the periods of activity and of recharge in a battery, if its full efficiencj' 
is to be maintained — are approximately equal. 

3. If the period of work — i.e. if the passage of electric current is short, as 
in the heart-beat — then during that time the degree of depolarisation is pro- 
portionatehj small. 

i. The small degree of depolarisation which results from a single heart- 
beat rec[uii"es a proportionately short time for repolarisation or sleep — i.e. 
the pause in the heart cycle may be regarded as its period of sleep. 

5. The heart, mth its nerve mechanism, takes normally from seventy to 
ninety naps a minute, and thus is kept polarised or rested as it works. 

6. A^'e may suppose that the nerve-cells which operate the respiratory 
mechanism become polarised,or sleep, from sixteen to eighteen times per minute, 
and the respiratorj' mechanism is kept polarised or rested as it operates. 

7. The saUvary glands, the iirtestinal nerve muscle mechanism, the 
digestive glands, etc., we may suppose, have alternating periods of ■irork and 
depolarisation, and of sleep and repolarisation. Regarded superficially, the 
functions of respiration, of circulation, of digestion, carry on as if they never 
rested, never slept ; but their sum-total of short periods of sleep is cpiite as 
large as the total period of sleep of that part of the brain whose work creates 
consciousness, and therefore spends no more time in sleep, Ijut sleeps more 
conspicuously. 

8. As for the portion of the brain ^^hich governs conscious activity, the 
periods of work, and therefore of depolarisation of the cells that supply the 
electric power for consciousness, for emotion, and muscular action, are longer 
than the periods of work of the heart., of the respiratory or of the digestive 
mechanism. For man, the period of sleep of the higher centres supplies an 
opportune means of taking advantage of the protection of night. The option 
of evolution apparently has been to run the organism on long shifts or shorter 
ones. If the brain operated in accordance with the time-table of the heart, 
man would become unconscious and would fall from seventy to eighty times a 
minute . 

In the higher animals the established longer periods of work and of restora- 
tion for the central nervous system are adaptive, just as the short periods of 
work and of sleep for the heart and for the respiratory mechanism are adaptive. 
In other words, according as the central nervous system took advantage of 
hght or of darkness for securing food, it took advantage of corresponding 
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periods of darkness or of light for sleep ; while the heart, on the other hand, 
is compelled to work and to sleep at short intervals ni order that the flow of 
blood may not be interrupted. It would appear, therefore, that the various 
animals as a whole and their several ^\'orking parts have been adapted each to 
the most advantageous rhythm of alternating work and rest. 

9. If the changes in the nerve-cells seen in fatigue from various kinds of 
work and from prolonged enforced consciousness are identical in appearance ; 
if these physical changes are restored only during sleep ; and if the degree of 
cell change varies with the amount of work done at a stretch mthout sleep — 
that is, with the amount of electric energy that has originated in or traversed 
a given cell — then it would requke more time and deeper sleep to restore the 
electrical balance of the cell after prolonged heavy muscular cxer-tion than 
after a day of restful quiet. And this is demonstrated by experience. It 
would appear that the degree of exhaustion equals the protraction of conscious- 
ness multiplied by its intensity. 

10. As a corollary, we also know by common experience, as well as by 
experimentation, that the degiee of restoration accomphshed by a given 
period of sleep is proportional to the depth of sleep. For example, when a 
civilian from a comfortable environment enters the army and is obhged to 
sleep on rough, uneven ground, in cold and wet weather, in apprehension of the 
enemy, though his period of sleep may l.ie long, its depth is apt to be shallow, 
and consequently his restoration is incomplete. 

11. Sleep, being a negative phase, cannot be coinpeUefl. Consciousness, 
being a positive phase, can be compelled — even unto deatJi . Normal man cannot 
sleep unto death ; he can sleeji only to restoration — no more. 

12. Consciousness is more controllable than sleep ; hence it follows that if 
the daily restoration be incomplete because of cold and wet, and noise and 
danger and apprehension, and the want of a comfortable place in wliich to lie 
dowai, there A\dll develop a daily, weekly, monthly deficit of restoring polarisa- 
tion — restoring sleep. Our experiments were not required to prove this : 
the proof is at hand and is common knoM'ledge ; for after a period of active 
duty in trenches, after a period of business or professional worries, of active, 
social life, when the heckled soldier gets back to a comfortable, quiet billet, 
or when the strenuous civilian goes aboard ship for a pleasant voyage, there 
follow long periods of slcej). After reaching the hospital, soldiers often slept 
continuously for even two days. 

Not only is there evidence of the deficit of sleep in the normal stress of 
activity ; but in disease also it is evidenced by increased sleep after the break 
of an acute fever and after the excision of the thyi-oid in exophthahiiic goiter. 
The point to be remembered is that tlie hyperactivating stimulus of the day 
in the form of an emotion ]ireve)its deep sleep at night. 
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13. It is of significance tliat tlie brain and the voluntary muscles produce 
about 50 per cent, of the metabolism of the body ; for if it be true that only 
the brain and the voluntary muscular system sleej) for one long period each 
day, then during sleep the metabolism of the body could not be depressed 
more than 50 per cent. This point is supported by calorimetric studies made 
by Benedict and IMilner.i These considerations support the view that the 
various parts of the body sleep at such intervals as are best for the organism 
as a whole. Apparently all active cells sleep, although by common usage the 
term sleep is applied only to the central nervous system, in its relation to the 
state of consciousness. 

14. There is much evidence that if the by-products of strenuous work are 
left in the cells and remain too long unrelieved bj^ sleep, there develops a gradu- 
ally increashig impairment of the mechanism itself. In war this impairment 
is seen in war neurasthenia, in M'ar neurosis ; in civilian life it is seen in the 
overworked, ambitious pupil, in the over-driven, professional man, in the 
worried business man, in the anxious motlier, attending a sick child or enduring 
a family disgrace. 

15. It is suggestive that the conductivity of the brain is decreased hy 
prolonged insomnia and restored by sleep (see Fig. 92). 

16. Li traumatic shock, in acute overwhelming exertion, in mixtures 
of various kinetic drives — the process may be so rapid, the pain so acute, the 
circumstances so compelling that the restoration of sleejD cannot be invoked, 
and death occurs. There is no essential difference between the causation of 
the chronic and of the acute forms of exhaustion. Li acute exhaustion, which 
can be relieved by several periods of prolonged sleep, an approximately normal 
state is re-estabhshed. In chronic exhaustion, longer periods of rest are 
required. In either case, in many instances permanent damage is done. 

It is obvious that work and rest are parts of the same process mtlnn the 
cells of the organism. To gain an insight into the method by which the 
brain-ceUs are restored is to gain an insight into the mechanism by which the 
cell performs its work. The cell being an electric batterj', and the action 
current being electric, variation in speed of work done must include a variation 
in something more than the rate of oxidation — there must be variation in the 
electric conductivity as well. 

Osterhout has shoA\ai that iocbn facihtates electric conductivity in vegetahle 
cells. We have shown that iodin greatly increases the conductivity of 
animal cells, especially in the brain. The thjToid gland has been evolved 
to hoard and metaboUse iodin (Marine),- and its secretion, therefore, would 

1 Benedict, F. G-., an-l ^rilner, R. D. : fr.K Depf. Agrkidture, O.E.S. Bull., N... 175. 

2 Marine, U., and Williams, \V. \V. : Arrh. Int. Med., 1908, i. 349-3H4 ; Marine, LX, and 
Lenhart, C. H. : Arch. Int. Mid., 1909, iv. 440-493, 
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facilitate the passage of electricity — hence the work of the cells. Oxidation 
^hence metabolism — is markedly controlled by adrenalin. Let us, then, 
consider the adrenals and the thyroid in the role of activators. 



III. The Activators 

THE ADRENALS AND THYROID 

The Adrenals. — The adrenal glands are activators of the brain, and that 
their aid is promptly elicited when mcrcased metabolism — increased work — 
is rec[uired, is shown by the fact that adrenahn alone produces nearly all the 
symptoms produced by the various causes of increased energy -transformation, 
such as emotion, exei-tion, injury, iixfection. That is, ackenalin causes in- 
creased metabohsm, increased thyroid activity, increased Ijlood-pressure, 
increased pulse, increased respiration, leucocytosis, increased sweating, cbla- 
tion of the pupils, diversion of the blood to the surface, lowering of the 
threshold at the myo-ncural junction. 

Of no less significance are the facts that adrenahii causes hyperchromatism 
and later chromatolysis of the brain -cells, just as do emotion, injury, exei-tion, 
infection ; that it causes an immediate increase in electric conductivity of 
the brain ; and that when the adrenals are removed, the brain-cells rapidly 
degenerate, the animal rapidly loses the jjower to fabricate heat, and muscular 
and mental action ; and death usuallj' follows. 

We conclude, therefore, that the brain is dependent on the adrenals, both for 
function and for survival. The acbenals may show enlargement in some chronic 
activations, such as infection, pregnancy, the rutting season, esoiDlithalmic 
goiter. The acbenals, therefore, must be included among the means iiy which 
the organism is driven to exhaustion. It is, therefore, as important to consider 
the relation of the adrenals to restoration as their relation to exhaustion. 

In our laboratory ^Mosiman found that adrenalin caused leucocytosis in 
rabbits. In the course of our researches in France at U. S. Base Hospital 
No. 4 (Lakeside Unit), Captains C. D. Christie and M. A. Blankenhorn found 
that leucocytosis was hicreased — even trebled — in the participants ni a prize 
fight. Does leucocj^osis appear in the activities that show an increased 
output of ackenahn ? May leucocytosis be regarded as one of the adrenahn 
phenomena ? Exophthalmic goiter cases show leucocji:osis ; the sA'mptoms 
of exophthalmic goiter resemble those of adrenahn action. The symptoms 
both of excessive metabolism and of leucocji:osis disappear after the removal 
of the excessive thyroid tissue. 

Our studies of electric conductivity showed that adrenalin fu'st increases 
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the conductivity of the braiii, as in the inceptive stage of shock, and that the 
conductivity is tlien decreased, as in other forms of stimulation. If con- 
ductivity is related to stimulation, then an increase or decrease in conductivity 
would be associated with an increase or decrease in function, i.e. with activity 
or exhaustion. Our electric conductivity observations have indicated tliat 
in the inceptive stage of shock or exhaustion the conductivity of the brain 
is increased, while in every t5'pe of exhaustion studied, the conductivitj' of the 
brain was decreased when the state of exhaustion was cstabUshed. 

If the activation of the brain is a phenomenon of electric energy, then 
since electric energy depends upon oxidation, and oxidation in part at least is 
controlled by adrenahn, it obviously follows that excessive adrenahn would 
ultnuately cause fatigue and decreased permeability. 

It is not without interest to note, and perhaps it is sigTiificant, that con- 
vulsions frecjuently occur in the onset of acute infectious diseases in children, 
in which there is reason to beheve that there is a free output of adrenalin, and 
a quick and powerful metabohc activation. This mcreased metaboUc activity 
may be interpreted to mean an increased output of electricity, so great that the 
over-driven motor cortex in turn drives the organism to extensive muscular 
contractions — convulsions . 

The experimental and clinical phenomena thus far placed in evidence are 
harmonised bj^the kinetic theory, and would seem to indicate that the body 
is driven bj' electricity, which is fabricated in the brain-cells with the aid of 
adrenalin. But we have seen no evidence that adrenalin covers more than the 
emergencies of moments and hours, or of days. We have seen adrenalin to be 
too evanescent, too volatile, to establish and to maintain evenly an increased 
receptivity, increased sensitiveness to response, an increased metabolism, 
both basic and adaptive, clay and night, for weeks and months. V\e assume 
that the brain has no power within itself to do this, and that, therefore, pro- 
longed activation is accomphshed through the aid of some other organ. If 
electricity is the driving force of the organism, and if electric power is 
increased by increasing the conductance of the tissues over which it passes, 
it would follow that there must be in the body an organ ^^'hich is capable of 
supplying to the blood for weeks and months a substance that is known to 
increase electric conductance — the Ijlood in turn supplying this substance to 
the nervous system. The adaptive storage and discharge of such an agent 
would answer the theoretic need. As stated above, Osterhout has shown 
that iodin increases electric conductance in vegetable tissue, and our researches 
have shown that the conductivity of the brain, of the hver, of the muscles, 
of the spinal fluid, of the adrenals, of ttie heart, of the lungs, is increased by 
iodofornr. 

The Thyroid. — Now the function of the th^Toid is that of seizing and storing 
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iodin and fabricating it into an iodin protein adapted to tlic needs of the 
organism. We have demonstrated in our laboratory, and surgeons are familiar 
with the fact,tliat iodin poisoning causes symptomsidentical with the symptoms 
of acute infection. In iodoform poisoning we found brain-cell changes similar 
to those produced by exertion, emotion, infection, trauma, etc. In ex- 
ophthalmic goiter we have an excpiisitely sensitised organism in which the body 
functions are dramatically displayed, as if we were projecting on a screen a 
magnified physiologic picture. Exophthalmic goiter gives us a glimpse of 
normal physiologj^ ^^^th microscopic magnification ; iodism alone duplicates 
the symptoms of exophthalmic goiter. 

In those chronic diseases or conditions in whicli an increased metabolism 
has continued for a considerable period of time, as, for exami^le, in tuberculosis,, 
in chronic infection, in the rutting season, in pregnancy, in exophthalmic goiter, 
there is frec^uently a hyperplasia of the thyroid gland. Eacli of these states 
is characterised by increased metabolism, increased heart action, sweating, 
easilj' flushed face, mental excitabihtj', disturbed sleeiD, unstable heart action, 
unstable sensitised organism, and chronic fatigue. Li each, after a period of 
rest, graded muscular action is beneficial ; emotional influences are damaging. 

These observations suggest that some cases of chronic exhaustion maj' be 
due to the same cause as acute exhaustion ; that chronic exhaustion is due to 
a persistent change in the activating glands. The tliyroid and the adrenals 
may be so altered that their output is increased. If it were found that the 
thyroid and the adrenal were enlarged, or if the tluToid cells were enlarged, 
or if the iodin content were altered, the analogy would be suificicntly complete 
to regard many of the forms of war neurasthenia, disordered action of the 
heart, 'exertion sjmdrome,' etc., as belonging to the same class, but not 
identical witli mild exoplithalmic goiter. Lieut. -Colonel Schwab has observed 
symptoms of exophthalmic goiter in many soldiers. It is interesting and 
significant to note that the same measures that benefit cases of exophthalmic 
goiter also benefit these other cases — e.g. mental rest, simple pastoral existence, 
most carefully governed muscular activity. Each class is improved by sound 
sleep, by wholesome, plain food — by a nursery regimen. Each is made worse 
by emotional excitement, by infection, by injury, etc. 

A further point of interest is the fact that patients who have taken too 
much thyroid extract siiow many of the same symptoms. 

Aschoff and other investigators ,i by stimulation of the thyroid nerve supply, 
have shown that the th}Toid gland is activated by nerve impulses. A large 
experience in blocking the nerve supply of the thyi'oid and in tying the superior 
thyroid vessels in exoplitliahnic goiter leads us to tlie same conclusion. This 

' R;ilie, J. M., Ro.u'ers, .T., Faweett, ({. (;., and Beebc, S. S. V. : Am. J. 77ii/.S(o/., 1914, xxxiv. 
72-80; Watts, ('. F. : //)/./., UHfj, xxxviii. :i:>t)~3C,». 
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view has also been confirmed by Cannon, who joined the phri'nie nerve to the 
sympathetic leading to the thyroid, so that as a residt an 'electric charge' came 
to the thyroid over the phrenic nerve with each respiratory rhythm — thus 
reproducing the kinetic drive of soldiers when their ' wind is up ' in the midst 
of shelhng and bombing and sniping and bayoneting. 

What diiierenee does it make what the driving force is, so long as it is a 
drive that causes the transformation of energy, and the brain is able to carry 
its part, tlie adrenal its part, the thjToid its pai-t, and other organs their 
part ? Li time, one or another vital organ will fail in this stepping-up process, 
in this increasing pace, until some part of the mechanism fails. When an 
essential part of the mechanism weakens, there results an impairment of the 
power of the entire mechanism to do \\'ork — there is exhaustion. Li exoph- 
tlialmic goiter, in the infections, in grief, in fear and worry, and in excessive 
work, no less than in the great drive of war, the mechanism is driven sometimes 
to acute, sometimes to chronic exhaustion. It the exhaustion is overwlielm- 
ing and acute, as after injuries, hemorrhage, perforation of viscera, etc., it is 
called shock. In each case the symptoms are similar ; the causes are identical ; 
the principles of treatment are the same ; the phj'sical and the chemical 
phenomena are alike. Perhaps the very great difficulty of finding cnougli 
difference among the results of the various causes of exhaustion and shock 
is sufficient reason why we should aggregate them all into a fundamental 
inseparable group, the members of which differ only in the extent to which 
the physical mechanism of each has been altered. What difference exists 
between the treatment of acute shock from injury and tlie treatment of acute 
exhaustion from exertion, from worry, from acute nervous breakdown, from 
the strain of battle, or from acute infection ? It is alwaj's the same — the 
all-mclusive rest, warmth, fluids, sleep. What more I 



CHAPTER VI 

A SUGGESTION AS TO THE MANNER IN WHICH ACTION 
PATTERNS ARE CREATED IN THE BRAIN 

I. The Mechanism of Response to Stimulation 

I]s this chapter we do not presume to present a theory — not even a liypothesis — 
but rather merely a speculation based upon the electro-chemical theory. 

If we assume that the organism is an electro-chemical mechanism, by means 
of \^ hich potential energy is transformed into kinetic energy in the form of 
heat, muscular action, and electricity, through the co-ordmation of certain 
organs, then the following question naturally follo^^s : — How do stimuli 
which vary so greatly in their nature and in their intensity reach the bram 
through the vast numbers of delicate receptors of varying kinds, find their 
way through the mtricate paths of the brain mechanism, and produce each 
its specific response ? That is, how is it that light waves always activate 
the rods and cones of the retina ; the coarser waves of sound the organs of 
Corti ; the infinitely attenuated particles in the ah' the receptors m the nose ? 
How is it that the activation of these receptor mechanisms, so dehcately 
attuned to such infinitely small waves of motion and of chemical action, can 
cause responses as powerful as those produced by the gross injury of tissue ? 
A shell woiuid may cause no more activation than is caused by an intense 
emotion resulting from a danger that has been seen or heard. The variations 
in the intensity of the response to an adecpiate stinndus, the variations in the 
speed of the response, the relation of the response to variations in the force 
or in the area of contact of the adecpiate stimulus will be less difficult to under- 
stand if we consider them in the hght of the action of certain man-made 
machines. A motor-car may be started by the laborious process of crankmg 
by hand, or by a light pressure on the starter button ; a motor-boat may be 
guided by a heavy unmeldy rudder, or by intangible wireless waves ; the 
movements of Hammond's artificial dog, M'ith its selenium C3'e, were governed 
by rays of light. Li the biologic mechanism, if it can be demonstrated that 
electric energy is released as a result of the apphcation of the adequate stimulus, 
then these man-made mechanisms make it easy to believe that the brain can 
be activated to the utmost by infinitesimal stimuli. 

156 
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We will grant that the man-made mechanisms are infinitely crude, as 
compared with the human mechanism, which has been evolved through 
aeons by infinite trials, resulting now in error, now in the survival of the evolving 
animal mechanism. Locb has sho\\ai approximately by what physical and 
chemical processes the rays of light orientate the simpler animals ; how the 
hght rays, acting like photographic processes, move animals adaptively. 
The approximate photo-chemical mechanism that produces motion toward 
colours as a means of protection is now kno%\ii. As stated in a preceding 
chapter, Piper has demonstrated in fish the presence of electricity in the 
auditory nerve as a consecpience of sound waves. By a simple experiment, 
Steinach ^ has taken from tlie field of mystery the means by which the 
fish maintams ecpiihbrium. Believing that the hair in the auditory sac 
was the receptor mechanism, he replaced the otohth by a piece of iron of 
similar shape. When a magnet was brought near this piece of iron, the iron, 
was hfted into a new relation to the hair and in opposition to gravity. This 
caused the fish to execute bizarre movements, showing that the hair in the 
sac was in effect a self-starter, which when ' pressed ' by the otolith or the 
substituted iron, closed the cux-uit, the resultant electric current producing 
the muscular response. The fish had been adapted to gravity ; magnetism 
suspended the law of gravitj^ and upset the fish. The crude otolith of the 
fish in its exposed sac is replaced in the higher animals by tlie semicircular 
canals filled with fluid. This fluid, like the otohth, obej's the law of gravity ; 
and it may be presumed that, like the otohth, it causes electric contacts to be 
made and broken, thus releasing and activating electric mechanisms as do the 
buttons of the seK-starters in man-made macliines. 

We have previously stated that Einthoven and Jolly demonstrated that 
electric currents appear when a ray of light falls on the retina, and it is common 
experience that the application of electricity to the eye causes flashes of light. 
If the light rays falhng on the retina cause electricity, and if electricity activates 
the mechanism by which the sensation of hght is i^roduced, then wc may 
infer that hght waves falhng on this or that group of rods and cones may do 
for the mechanism of the brain, which responds to hght by adaptive actions, 
what the sound-wave stimulation of the hair m tlie otohth does to the brain 
and the muscles of the fish ; what the fluid in the semicircular canals does for 
the adaptive mechanisms of specific response in higher animals ; what the hair 
in the Venus' Fly-Trap causes the plant to do to the fly ; what the photo- 
receptive mechanism of the fish does to its adaptive beliaviour ; what the 
selenium eye does to Hammond's artificial dog, or the wireless wave to the 
distant motor-boat. We infer that the ray of hght broken by a shadow 
caused by the advancing enemy activates the motor mechanism of a soldier 
' Steinach, vidf Starlinj:, E. II. : FrincijAes of Human Phijxioloijy, IDlfi, p. G03. 



158 A PHYSICAL INTERPRETATION OF SHOCK 

to fight or to escape through the ageiicj' of a mechanism no less adaptive 
than are the above-mentioned mechanisms. 

The hair of the Sensitive Plant, the hair in the otolith, the fluid in the semi- 
cu'cular canals, the rods and cones in the eye, the photo -receptive mechanism 
in fish, are self-starters — they are selenium eyes of infixdte fineness, but are 
no less demonstrable and operate no less by physical laws than does the man- 
made device. 

The conception that the brain mechanism is operated by electricity 
opens the way to illuminating interpretations of adaptive reactions. As 
Mathews states, all cells are electric batteries. Hence, the large cells in the 
fundus of the eye, comiected with rods and cones, may be regarded as batteries, 
attuned to be discharged by the electric energy created by the action of the 
ray of light on the rods and cones. Nernst first proposed, and many physical 
chemists have accepted the theor}^ that stimulation is not due to a continuous 
fiow of electricity, but that interposing membranes must first be polarised by 
the accumulation of ions, stimulation taking place when a sufficient accumula- 
tion has occurred. If this theory l^e tnie, then a quantitative clement is 
admitted so that we may suppose that the semipermeable membranes, in the 
case of the feeble electric current set up by a light wave, oft'er a correspond- 
ingly feeble resistance to be overcome before stimulation is achieved. Once 
the first cell m the path of the electric current is stimulated, and its electric 
charge is added, then the charges of the other cells hing along the base of the 
retina will be 'fired' with great rapidity, augmenting the current. Li this 
connection, it is at least interesting to note that the cells which are connected 
\\'ith the rods and cones are both large and numerous ; whereas the nerve 
endings wliich act as receptors for physical injur}', such as the sensory nerve 
endings in the skin, have almost no accumidators in the form of nerve-cells 
to reinforce and augment their stimulus. The inference is that the infinitesimal 
receptor of the eye, which receives a beam of light of infinitesimal power, has 
made up for the want of initial physical force by adding a group of accelerating 
batteries. Were there a set of accumulators in the skin as joowerful as those 
in the eye, endless explosions of energy would result ; and besides such a 
mechanism would be too dehcatc to estimate correctly the amount of pressure 
or of injury received by the skin. It is as important that the nerve receptors 
in tlie skin should have scant accelerating batteries to minimise the strength 
of the force in their specific stimuli as it is that the eye should have powerful 
accelerators to augment the infinitesimal physical force of its specific stimulus. 
It is of interest in this connection to note that Nissl found that the cells at the 
base of the retina became exhausted when the eye was long exposed to sun- 
light. Precisely similar changes, as we have shown, are found in the bram- 
cells generally as the result of a crushing traumatic injury. The blindness 
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produced by sunlight is comparable to the loss of the power to ]>roducc body- 
heat, muscular work or mental action, wliich results from body-wide trauma. 
Body -wide prostration is traumatic shock ; sun-blindness is sunligJit shock. 

A similar line of argument suggests the interpretation of the action of the 
auditor}' mechanism. As the passage of electricity through the eye causes 
the sensation of light, so the passage of electricity through the ear causes the 
sensation of sound. The organ of Corti bears a suggestive similarity to 
Hehnholz's resonators for the analysis of sound waves ; and the added cell 
mechanism suggests an electric mechanisn^ specifically adapted to respond 
to sound waves. Numerous nerve paths lead off from the auditory mechanism. 
The purpose of these, as of the cells which lie along the base of the retina, 
may be interpreted by Nernst's law of augmentation or retardation of 
stimulation. 

In hke manner, the sensations of touch and pain, of pressure and distention, 
and the action of the various chemical and thermal receptor mechanisms 
may be interpreted. In shoi-t, no matter how sHght the stinndus, or how 
dehcate the mechanism, as long as it will inaugurate a current of electricity, 
however feeble, then the addition of accunndators can augment to any degree 
the force of its ultimate electric discharge. The brain cells suiDply the electro- 
motive force which operates the mechanism. Thus the various types of 
receptors receive and transmit to tlie brain an inhnite variety of electric 
currents, from the various receptive mechanisms. These currents enter the 
brain on equal terms of competition for the possession of what Sherrington 
calls the ' final common patli " — the path of action. 



II. The Mechanism of Specific Response — Action Patterns 

The preceding discussion suggests the manner in wliich the electric response 
to stimulation is achieved, but does not interpret the unfailing specificity of 
the response ; does not explain how the myriads of electric discharges from 
the receptor mechanisms emerge as orderly action from the central organ of 
activation — the brain — with its infinite number of patln\'aj's and interfacings 
and apparent entanglements (Fig. fl2). The possibihty of these ordered 
responses seems even more difficult of comprehension when we consider the 
fact that while the agency by which activation is secured is electric, yet 
there is no insulation of the pathways in the brain. Fuither consideration, 
liowever, ^vill show that this fact in itself may possibly be the means by 
which both variety and orderhness of action are secured. 

We will assume that the recording matrix does not include the brain-cells 
but only the non-cellular parts of the brain — the white matter. Are there 
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any properties of this white matter that would suggest the nature of action 
patterns ? 

1. The white matter is a semi-fluid mass, 85 per cent, being water. 

2. The gray matter lias a rich blood suj^ply ; the white matter has a 
relatively small blood supply. 

3. In the gray matter, cells predominate ; in the white matter, fibres and 
matrix-like substance predominate. 

4. By subjecting both the gray and the white matter to stain for oxidase, 
Marinesco 1 showed that the gi'ay matter is filled with oxidase, of which the 
white matter has none. The significance of this finding lies in the fact that 
the presence of oxidase implies metabolism and oxidation ; it implies the 
fabrication of electric energy, not its specific conduction . 

5. The gray matter is the workmg tissue. May not the white be the 
recording tissue ? 

6. The two sides of the special cord and of the brain have a crossed arrange- 
ment of the conducting paths ; paths from the left side cross over to the right ; 
from the right side to the left ; thus apparently complicating the mechanism. 

This decussation could not have been evolved in the interests of economy, 
for it makes the paths longer, hence more material is recjuircd ; it could 
not be to facilitate the rate of action, for the longer distance to be traversed 
requires more time ; its purpose could not be to secure a more certain 
blood supply, for no arteries cross ; it could not be to secvu'e co-ordination 
of the right and left sides, for in that case the resjjonses to unequal stimuh 
would be the same. That it is an arrangement of the highest imjjortance, 
we must assume, because it is universal in the higher animals. The brain 
and the cord are tlic only decussating oi'gans ; bones do not decussate ; the 
heart does not decussate ; blood-vessels do not decussate ; the sympathetic 
nervous system does not decussate. Why does the cerebro-spinal nervous 
system alone decussate ? Let us examine further the kind of li>sue that 
decussates. White matter consists of liighly speciahsed fats, among which is 
linohnic acid. Linolinic acid in itself may Ix' supposed to have some interest- 
ing qualities in view of a certain property of linseed oil. It has been shown 
that linseed oil has the power to remember smihght, and [Mathews states that 
linohnic acid probably has a higher development of tlie power of memory than 
hnsecd oil, which has even a capacity for a limited ' education ' in responding 
to light. Becaiise of this ]jroperty, ]\Iathe"\^'s offers an attractive speculation 
as to the possibility that memory may be the result of im])ressions made on the 
hnohnic acid in the white matter. 

On the electro-chemical basis, however, we may consider that tlie com- 
missures, consisting of this white matrix, have been evolved through infinite 

' Tn the laboratory of Base Hospital 4 (Tlie Lakeside Unit^ in France. 
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trial and error as a nu'clianisin fur recording (lie differoicfS in the magnetic 
field which accompany everj' passing specific electric current . 

The properties of the receptor mechanism in a wireless circuit are almost 
as wonderful as those in sucii a theoretic biologic meclianism. It is conceivable 
that thus tlie white matter develo]3s a memor}' of this or that type of variation 
in facilitation of the magnetic field resulting from variations in tlie incoming 
electric currents from the receptive mechanisms. Througli association, 
therefore, the wliite matrix will respond in the same manner to a like facilitation 
from a receptor mechanism, even if days or months liavc elapsed since the 
facilitation was initiated. 

As for the decussation of the white matrix, may its advantage lie in the 
possibility that, by sending the active current from one side to the other, the 
magnetic field is doubletl ; and in consecpience a double impression is made 
on this matrix of infinitely impressionable material, whose composition never 
changes during life, and whose constituents are almost imalterable and have 
no material metabolism I 

We may thus conceive that the white matter functions as a nudtiple 
phonograph record upon which each incoming stinndus has traced its record. 
When the brain-cells are again roused to action by a repetition of any one of 
the stimuli which has traced its original record, tlic outgoing electric impulses 
released by the stinndus traverse the facilitated path and reproduce tlie original 
action. A phonograph record wliich has been tiled away will give back the 
same words or tune in after years — why may not varieties of magnetic pheno- 
mena be WTitten on the white matter, the recording tissue, and tlicre a\\-ait 
recall ? But whether these facihtated paths consist of specificall}' altered 
pathways, or are the result of varying rates of -\abration acting upon some 
mechanism similar to those which receive the varying rates of vibration 
which produce light and sound, we have no conjecture to offer. 

Such a faciUtation as we have suggested would be produced whichever 
side of the brain received the initial or the repeated stimulus ; for if the brain 
did not decussate, then if one first saw a rose with the right eye alone, the left 
being closed, it would follow that if the right eye were closed the rose would 
be a stranger to the left. 

We may imagine that decussation pools the path of facilitating action, 
pools the incoming impulses and the outgoing currents of action, and produces 
like memories of the impressions received from either side — from either ear, 
either eye, either hand, etc. If there were but one eye. one ear, one hand, 
etc., there would be no need of decussation, no need tJiat the right side should 
know what is done by the left . 

As a consequence of these facilitated paths, whatever their physical 
mechanism, co-ordination of action resuhs instead of chaos. Hence the 

L 
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stronger the impression made by a stinnilus, the l)etter will it compete 
for p<i.ssession of the hnal common palli — the patli of acti(.)n. The more 
frequently an act is performed, the deeper its impression on the white 
receiving and recording matrix ; hence, -when an overwhelming ahnormally 
strong action current passes through the brain, it may faeihtate a path so 
abnormally tliat it dominates all other impulses. Thus a financial or moral 
disaster, a great danger, a terrible scene may make such an impression — a 
path of such a degree of facihtation — upon the recording matrix that, from 
the moment it has been received, no other can compete -with it, and the brain, 
in consequence, becomes approximately a one-path mechanism. Or a like 
overwhelming facilitation may be produced by the con.stant repetition of a 
single act — hence a dominating habit. 

Thus, we venture to suppose that the white matter is the matrix on which 
the action patterns are -« ritten ; that the cells of the brain supply the electro- 
motive force both for the magnetic field, variations in Mhich produce the 
facilitated paths of action, and for the resultant activation. It may be that 
the nerve fibres and the ireuro-fibrilla' are made up of concentrations of 
electrolytes which retain the " niemcirj- ' of impulses — thus constituting the 
facilitated paths (Fig. 112). 

Turning from this purely sjieculative side, let us test the general hyiiothesis 
in an interpretation of certain welbkno'wn clinical phenomena. 



CHAPTER VII 

A THEORETICAL ELECTRO-CHEMICAL INTERPRETATION 
OF CERTAIN CLINICAL PHENO:\IENA 

Having summed up certain evidence tending t(.> show" that the organism obeys 
certain physical k-ws, ahhough our knowledge of those laws and of their 
operation in the organism is jneagre and insecure, it may be worth whde to 
attempt an interpretation of a fc\v familiar clinical conditions. 

I. The Mechanism of the Infections — Fever 

The effect on the organism of tlie injection of foreign proteins, as shown by 
Vaughan,! is similar to, if not identical with, the effect of infections. The 
mechanism of the action of the infections may, therefore, be regarded as the 
same as the mcclianism oi foreign protein reactions. 

The injection of excessive amounts of foreign protein and the absorption 
of the toxins of infection produce similar effects, and involve certain 
essential parts of the same mechanism as the emotions and muscular 
exertion. This statement is based on the following phenomena : — Each pro- 
duces an increased outpait oi adrenalin, a first stage of hypercliromatism of 
the brain-cells, followed later by chromatolj'sis, increased thjToid acti^aty, 
increased body temperature. As a result of each, if excess fatigue is produced, 
the mechanism may be acutely v orn doAvn and comjjletely overcome in death. 
The organism may be partly reduced by any one of these causes, carried 
further by anothei-, and finally broken bj' still another. Their eifects are 
interchangeable. Each produces increased electric conductivity of the brain 
in the acute phase, and in tlie stage of exhaustion a decreased electric 
conductivity of the brain. Each produces increased }iervousness, and lower- 
ing of thresholds to other stimuli. 

The first practical cpiestion is this : — Is the response of tlie organism to an 
infection an imposed injurious mode of attack by the invading nucro -organism as 
a means of killing man and (.>ther animals, or is this response one of the evolved 

' V;iu;^hiin, \'. C. : J. Lab. and Clin, il/-/., IDIC, i. (131-64.3 ; 8r.l-S(;i. 
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means by which man and animals defend themselves against (lie attacking 
micro-organisms? Assnming it to lie tlie latter, let ns analyse tlie mechanism 
of this connter defence of man against the micro-organism in the light of the 
principles we have ennnciated. If our theory is correct, we must point out 
the sequence of events from tlie absorption of the toxin through the period 
of furious response to recovery or death, and ])oint out tlie mechanisms Avliich 
are involved. AVe must show that the brain is an essential factor in the 
reaction, and must supply evidence of its work. We must show that the 
muscles participiate actively : that tiie adrenals are active ; that the thyroid 
participates. We must show why a rise of temperature is of benefit ; why 
there is no sweatmg in the first stage ; Avhy there maj^ be chills. We must show 
why the temperature falls during the niglit. We must show why there is 
nervousness, loss of mental power, loss of muscular po^\er. And last, and 
certainly not of least importance, we must show why, in an acute, overwlielm- 
ing infection, there is shock and collapse, with diminished metabolism instead 
of increased metabohsm as in the earlier stages ; and \vhy, under sucli circum- 
stances, death is usually inevitable. 

THE PARTICIPATIOX OF THE BRAIN 

(1) It is common knowledge that deep narcotisation with morphin reduces 
the power of the brain to drive the organism to transform potential energy 
into heat or into mental or muscular work or to express emotion. We may 
suppose tJiat for tlie same reason morphin jirevcnts the electric fish from 
transforming energy into electricity. In infections, morpliin diminishes fever. 
In the acute phase following the injection of toxins, there is an increase in the 
conductivity of the brain ; in the later stages thei'c is a dej^ression — morphin 
minimises these changes. 

(2) When an animal is first given large doses of morphin, tlieii toxins, the 
brain-cells show less histologic change and the organism shows less systemic 
response . 

( 3) The injection of foreign proteins, or of bacterial toxins . causes first hyper- 
chromatism of the brain-cells and later chromatolysis ; but deep narcotisation 
with morphin cUminishes or jirevents both the anaphylactic and the foreign 
protein systemic response and to the same degree prevents the changes in the 
brain -cells. 

(4) Anaphylaxis and foreign i^roteins and bacterial toxins cause an increased 
output of adrenahn. Deep narcotisation liy morphin prevents both. The 
significance of this point is that 

(5) The brain drives the adrenal glands to their increased output ; for when 
the nerve supply to the adrenal glands is first severed, and no morjiliin is given, 
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the injection of foreign proteins, toxins, etc., causes no increased ontinit of 
adrenalin. 

(6) In cases in which tlicre is disintegration of the brain, as in enfeebled 
aged subjects, but shght fever is produced by even fatal infection. The 
highest fever and the most vigorous systemic response occur in the earlier 
period of life when the brain is most active. 

(7) After decapitation, or when the )iiuscles are cut off from connection mth 
the brain, there is no febrile response, and the temperature of the body behaves 
like that of cold-blooded animals. It would seem, therefore, that there are in 
the brain or nervous S3'stem cliemical receptors, evolved to drive the brain, 
which in turn drives the body to make a febrile defence against the foreign 
proteins brought into the body by bacteria, or by disintegrating body proteins. 
It appears that the brain responds as adaptively in infections as in running 
or ffghting, etc. 



THE PARTICIPATIOX OF THE iH'SCLES 

Tiie muscles are obviously the principal mechanisms for making the chemical 
response to infection, for 

(1) They produce from .50 to 75 per cent, of the heat of tiie body. 

(2) They show fatigue and histologic change as a result of high fever. 

(3) They are the active agencies in chills. 



THE PAPTICIPATIOX OF THE ADRENALS 

(1) The output of adrenalin, as slioM n by Elhutl, is increased by foreign 
I^roteins, toxins, etc. 

(2) Adrenalin akme causes a febrile reaction, /.f.the injection of adrenahn 
causes virtually all the i)lienomena of infection or of the injection of a foreign 
protein. 

(3) Li Addison's Disease, in -w iiicli there is an adrenal insufficiency, the body 
temperature is subnormal. In this disease it is stated that infections cause 
much less rise in temperature, and the body is not so ^\c\\ defended against 
infection. 

(4) In fevers, we may suppose tliat the ddated pupils, the flushed skin, 
the dilated nostrils, the opened air passages, the pounding heart, the 
elevated blood -pressure, as well as the fever itself, result in part from the 
action of adrenahn. 

(5) The injection of adrenalin causes an immediate increased electric 
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conductance Avitli later decrease, and it pnidiices innncdiate liypcrchroinatisin 
of the brain -cells, followed later by chroniatolysis. 

(6) Adrenalin alone causes leiicoc}'1:osis ; most fevers cause leucocytosis. 



THE PARTle'IPATIOX OF THE THYROID 

(1) Li cases of excessive tliyroitl feeding, and of exoplithabnic goiter, 
there is an increased metabolism ; and infections cause abnonnall}' high 
temperatures. 

(2) In myxedema, the body temperature is subnormal ; and, thougli 
m5'xedematous subjects succinub to infections, they show little febrile reaction. 

(3) The specific action of the th^Toid is due to its specialised iodin. lodin 
causes an increase in electric conductance ; therefore tlie effective work of 
the electric energy created bj- the brain would be correspondingly increased by 
the iodin facihtation. 

(4) locUn alone causes most of tlie systemic sj'mptoms of an infection. It 
is almost impossible to differentiate between an acute infection and acute 
iodoform poisoning. 

(5) After operations for exophthalmic goiter, who can distiugiiisli -nith 
accuracj" between the febrile reaction facihtatcd by tlic activation of tlie 
organism by the hyperactive tliyroid and the activation due to an acute 
infection '. 

(6) In exophthalmic goiter there is a state of almnrmal iodin facilitation, i.e., 
as we suppose, electric facilitation, and even an acute cold may cause a violent 
febrile response resulting in deatli. 

(7) In chronic infections, and even in jjrolonged acute infections such as 
tuberculosis, the thjToid is frecjuently hyperplastic. 

(8) In exophthalmic goiter, the thjToid is hyijcrscnsitivc, lience hyper- 
responsive. Its enlargement is frecpiently demonstrable during an acute 
infection. Tonsilitis may cause the thyroid to enlarge and to remain 
enlarged. 

(9) After the removal of infected tonsils, the thyroid sometimes subsides 
promptly. 

(10) In the acute infections, even in the chronic infections, the individual 
is palpably under the influence of the thyroid. One of the evidences of this is 
the nervous state of the patient, which is but an indication that the nerve 
pathways have been facilitated by iodin for the more ready passage of the 
electric driving force. 

The experimental and clinical e\idence indicates that a large role is 
played by the thyroid in the defence of the organism against the infections. 
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THE :mechanism of xeevousxess 

The evidence of the paitieijwtion of the th^vroid may with equal logic be 
applied to the meclianism of nervousness. 

(1) In exoi)hthalmic goiter eases, the nervousness is similar to that of 
infections — the restlessness, the tossing and the sleeplessness may be regarded 
as phenomena of tlie facilitation of the electric conductance by iodin and 
adrenalin. 

(2) C)n the next day after a lobectomy lias been performed, in an ex- 
Cjuisitely nervous, excitable, exoi)hthalmic goiter patient, tlie one conspicuous 
change — consi^icuous to the nurse, and of infinite comfort to the patient — is 
the diminution of the intolerable restlessness, intolerable excitability. We 
may suggest, tliereforc, that the nervousness in fever is due to the increased 
action of the th^Toid. Do myxedema patients show an ecpial increase of 
nervousness in infections ? 



THE :MECHANJ8^r OF TEMPERATURE PHEXO:\IEXA 

Fever. — We have suggested the mechani>m liy means oi which increased 
chemical acti-s-itj', including fever, is produced. Ijut the following Cjuestion 
remains : Wliat adajitive purpose is served Ijy the increased temiDci'ature ? 
This question is of jiccuhar significance in vie\\' of tlie obvious fact that this 
mode of defence is itself injui'ious to tfic organism, sometimes causing i>er- 
manent injiny or death. 

(1) First of all, A\e may assume tliat the chemical invasion of bacteria can 
be met only by a chemical defence. 

(2) We may supjtose that the foreign protein molecule in an environ- 
ment foreign to it w'lW be sjtlit up more readily tlian tlie living protein molecule 
of the defending organism ; therefore, the more intense the chemical action of 
the defence, the more certainly and readily ^\'\\\ the foreign protein, living 
or dead, be split up ; that is to say, the defence of the body against foieign 
proteins, such as toxins, is a ' purification by fire.' 

(3) With each degree of rise m temix^raturc in a physical or a biologic 
sj'stcm, chemical activity — hence metabohsm — is increased 10 per cent. 

(■4) With each degree of rise in temperature, the electric conductance — 
hence the driving power of the Ijrain — is increased 2-.") per cent. 

(5) The organism must maintain a standard of chemical purity, and this 
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standard, as we suppose, is reached by burning the foreign jiroteiiis in tlie 
furnace of the hving through intense chemical action, intense oxidation. Tlic 
foregoing does not apply to the defence of the phagocytes, nor to defence by 
antibodies, but only to the defence against foreign proteins. 

Dry Skin. — If the full benefit of the increased l^ody teniperatiu-e is to 
be secured, heat must be retained in the body. .Sweating produces cooling 
of the bodj' as the result of evaporation. Hence, in infections we have the 
high temperature with a dry skin in contrast to the active sweating whicli 
results from muscular exertion, when heat is not desired. 

Chills. — It is ob\ious that the active muscular contractions of the entire 
body in the chills which frec[uently accompany inauguration of the response 
to an infection are but an added means of increasing chemical metabolism, 
just as shivering is a part of the process of increasing metabolism on a cold 
daj'. On the other hand, it is equally obvious that a man in surgical shock 
cannot shiver, because the electro-chemical mechanism that fabricates the 
chill has broken dottii. 

Why does the Temperature fall during the night? — The foregoing suggests 
that it is because the brain, being the dri\'ing battery, nuist be recharged. 
This recharging process is probably the state of slee}), but in order that the 
chemical defence may be as little interrupted as possible the recharging process 
of sleep is Hght and short. During sleej) the temperature falls because the 
brain is dri\'ing the mechanism less forcil>ly. All of the l)rain does not sleep, 
however, nor do all the glands or involuntary nuiscles sleep, licnce the tem- 
perature remains above normal, although it usually falls lielow tlie day-level. 

The conception tliat the brain is the battery tliat drives the chemical 
mechanism to produce heat explains also tlic fact tliat the temperature is 
lowered by niorphin. oMorphin diminishes the driving po^^•er of the brain. 
Therefore the mechanism by Aihich morjihin lowers the temijerature is the 
same as that by which it diminislies muscular exertion, emotion, and pain, 
and minimises surgical, anaphylactic, and foreign protein shock. Sleep, 
morphin, and rest produce similar end-effects. 



THlliST 

When the biologic electro-chemical )ncchanism is excessively driven 
in a strong defence against foreign liviiig and dead proteins, much Avater is 
used. Fresh water is a good solvent ; it assists in carrying off waste material ; 
it dilutes acids ; it wets the tissues — hence thirst. Therefore, plenty of water 
in fevers is demanded and seems to serve a specific puri^ose. 
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THE MECHANIfciM OF COLLAPSE AND DEATH IN OVERVVHELilING 

INFECTIONS 

We have seen that just as gazing directly at the sun breaks down the photo- 
electro-chemical mechanism of sight, in like manner when the sensitive areas 
and nerves of the body are heavily traumatised, the internal lesions of the 
brain-cells are so great that they cannot continue their normal internal respira- 
tion and become unable to transform potential energy into electric energy 
at a normal rate ; hence, the power to perform muscular work, mental work, 
and glandular ^^•ork is lessened ; the power to maintain the blood-pressure is 
diminished; the power to produce the normal amount of body lieat is lost. 
The resultant state is called sliock. Since foreign proteins chive the brain- 
cells just as they are driven by emotion or by physical injury, it follows that 
when there is an excessive foreign protein stimulation, such as results from 
perforation of the intestines, from the penetration of an abscess into a large 
absorbing cavity, from anaphylaxis — the brain-cells are overwhelmed by 
the stimulus, suffer an internal disarrangement, become unable to per- 
form normal worl^, and may be driven to their ultimate destruction — to 
death. 

It is not surjH'ising, tlien, that precisel}' the same principles of treatment 
hold for the shock of acute infection as for traumatic shock ; that the same 
agents that aggravate shock, aggravate fevers — i.e. injury, fear, worry, loss 
of sleep, ether and chloroform anesthesia, muscular exertion, etc.; and on 
the other hand, that precisely the same principles of treatment hold for 
both the acute and the chronic forms of infection- — rest, fluids, morphin, 
sleep. It would be expected that both acute and chronic infection Mould 
produce identical lesions — neurasthenia, myocarditis, nephritis, sweating, 
insomnia, and that the addition or the withdrawal of physical injury or of 
emotion or of exertion may cpiantitatively modify either. 

Infection, like each of tlie other causes of exhaustion we liave considered, 
may be regarded as an activation of the same electro-chemical mechanism ; 
each is an excitant of energy-transformation ; in each case the energy is 
tiunsformed by the same organs ; in each case, when the kinetic drive has 
been so intense or so prolonged as to produce a permanent change in the 
driving battery or in any of the activators, e.vhausiion follows. Anaphjdaxis, 
with its momentous chemical IjIow, may be likened to a bolt of hghtning 
striking an electric battery. 

The wastage of war and the wastage of over-driven civihan life ahke may 
follow the application of one cause of exhaustion alone, or of any combination 
of causes. The resultant permanent clianges may he a lowering of tlie brain 
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thresholds ; the enlargement of the thyroid ; snhoxidaliuii ckie to a heart 
lesion ; lesions of the hver, etc. Whatever reduces the factors of safety which 
gnard the internal respiration — tlie central factor in energy -transformation — 
may cause this or that t^ype of chronic impairment, which means a permanent 
diminution of the electro-motive force of tJie organism. 



II. The Mechanism of Exophthalmic Goiter 

lodin increases the electric conductance of li\dng tissue ; iodin increases 
permeabihty ; increase in permeabilitj^ increases function. It is apparent 
that the thjToid gives off its iodised protein adaptivcly in exertion, in emotion, 
m infection, in procreation, etc. 

Aschoff and others have sho\\-n tliat stimulation of the nerve supply 
of the thjToid causes a discharge of iodin ; hence, we may suppose that the 
output of iodin is in pai-t at least under the control of the nervous system. In 
exophthalmic goiter there is marked nervous acti\it3', and we may suppose 
that the thjToid is under active stimulation ; that this is the case is shown by 
the low iodin content of the gland in exophthalmic goiter. Cannon states 
that adrenalin activates the thj-roid. We assume that the activated thyToid 
throws out large amounts of activating iodin, whicli by so much facilitates 
permeabihty, hence increases activity of the body, including the activity 
of the thja'oid itself and of the adrenals. Oxidation is tlie basic jDrocess in 
metabohsm ; adrenalin increases oxidation ; iodin increases electric conduct- 
ance, hence increases metabolism (see Fig. 87). 

Therefore, through the mediation of the nervous system, a reciprocal 
interaction is estabhshed among the thyroid, tlie adrenals, and the nervous 
system. Iodin alone, adrenalin alone, thyroid extract alone, emotion, exertion, 
or infection alone, each causes a ' Kinetic Drive ' with phenomena similar to 
those of exophthalmic goiter. 

If the foregoing interpretation be correct, then the drive of exophtlialmic 
goiter should be diminished by lessening the activity of any one of the three 
interacting organs — of the brain, by rest cure ; of the thyroid, by its resection ; 
of the adrenals, by the removal of a portion of their tissue, though evidence of 
the positive value of the last-named procedure is thus far incomi^lete. 

Nothing in surgery is more striking than tlie immediate benefit of surgical 
treatment of exophthalmic goiter. Among 2tl:77 paitial thyroidectomies per- 
formed by me, 1300 were for exophthalmic goiter. In the expression of the 
disease, in the behaviour before, during, and after operation, the exoplithahnic 
goiter patient presents notable evidence in support of tlie mechanistic theory. 

It is of interest to note that the active principle of tlij-roid secretion has 
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been SYnthctically produeed )jy Kendall ; ^ adrenalin is synthetically made and 
electricity is made ; hence, the equivalents of the activators of exophthalmic 
goiter, of emotion, of exertion, and of fever may be made in the laboratory. 
Among the by-products often noted after thyroidectomy are : — 

(a) A decrease in the systolic pressure and less frequently a decrease in the 

diastolic pressure. 
(h) Diminished nervousness. 
((■) Diminished myocarditis. 
((/) General restoration of the widespread impairment due to the excessive 

speeding of the kinetic system. 

In a case thus relieved, an overdose of thyroid extract will re-establish 
the symptoms. The jiost -operative state of serenity of the exophthalmic 
goiter patient is comparalilc tn the colourless state after one has passed through 
a great emotion. 

III. The Mechanism of Malignant and Benign Tumors and 
of their Treatment by Radiation 

Pliysical chemists (McfJlciidon. Lillic, Loeb, etc.) have sIkami that fertihsa- 
tion of the ovum is attended liy an increase in pcrmeabilitj- ; that the state 
of activity i>f cell-, whctlier in falnicating or in multiplying, is attended by an 
increase in jiernicaliility. Prom this, the inference M'ould be dra^Mi that the 
ilectric conduttivity of cancerous tissue ^vould be increased above the normal. 
Clowes, in a personal communication, states that he has found the conducti\ity 
of cancer tissue to be above normal, aiul his findings have been confirmed bj- 
our measurements of the electric cimductivity of tumors. 

Tiic tliyroid ottered a good field for comparative measurements, and sixty 
tliyroids with and without tumors have been measured. Cancers and adeno- 
mata sliowcd a high c(uiductivity ; the hyperplasias came next, and the 
ronduetivity of the colloid goiteis ^^as the lowest of the pathological tissues 
studied. 

In this eonnectiDii it is of interest to note that 2 per cent, of our series are 
mahgnant ; and that all mahgnancies occur in adenomata. Adenomata 
show a high conductivity, ('ancer shows a high conductivity. We noted 
that a jiaiiilloma of the (>vary of moderate mahgnancy slio^wd a distinctly 
lower cojiductivity than a siirrliiis of the breast. The outer growing part 
of a cancer showed a higli <'oiidiiitivity in contrast M'ith a low conducti\-ity 
of th(' central iion-gro\\ing part--a contrast Iietwecn activity and exhaustion 
in growth. 

' Kcih1;i1I, 1'. ('. : J. Ti'n,l. Clnii,., nH'.l, xwiw lir)^147 ; lil|:i, xl. l'(l:,-.3.3l. 
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We should at least ascertain wlietlier or not, iu coiKluctivity ineasuiv- 
ments, we have an added criterion wliereby to estimate the presence of 
mahgnancy. If irritation of tissue is followed !)}• repair, and if repair is 
achieved through increased cellular conductivity, a side light on the relation 
between irritation and conductivity, and the jnogressive steps heading to new 
gro-n-fh, may be found. 

It may be worth while to recall that radiation — X-ray, radium, fulguration 
— to some extent acts selectively on some tumors and cancers. The cpiestion 
may at least be raised whether or not, because of the markedly increased con- 
ductance of tumor and cancer tissue, a greater quantity of the radiant energy 
passes through them, while less passes through the neighbouring normal tissue, 
as the hghtmng selects a path tlirough the highly conductive hglitning-rod. 
This mcreased conductivity may prove to be a sign of mahgnancy. Lideed, 
it would follow that cancer tissue, by its high conductance, should measurably 
shield the adjacent normal tissue M-itli lower conductance. On tlie other liand, 
actively functioning tissues, such as the parenchyma of the ovary and the 
testicle, the cells of hair foUicles, etc., should attract more current, hence would 
be destroyed more readily. 



IV. The Mechanism of Inhalation Anesthesia 

ETHEll 

When an animal or a man is given inilinnted ether anesthesia, several 
striking phenomena are observed. First, there is a period of excitement ; 
second, a period of cj^uiet anesthesia : third, a period of profound anesthesia, 
ending in death. 

Period of Excitement.- — During the period of excitement, tlie subject 
tends to struggle, the face is flushed, there are sweating, moderate or violent 
muscular action, rapid respiration, dilated pupils, elevated blood -pressure, 
accelerated pulse, increased output of adrenalin, lij'perchroraatism of the brain- 
ceUs ; the consumption of oxygen may be increased up to 150 per cent. ; of 
carbon dioxid up to 325 \>qy cent. (Alexander and Cserna) ; ^ the H-ion con- 
centration of the blood is increased ; the electric conductivity of the brain is 
increased. If, in the midst of the stage of excitement, tlie inlialer be removed, 
the expression of the face resembles that of acute muscular exertion, of acute 
fever, of acute emotion, of the injection of adrenahn, or of an active phase 
of exophthalmic goiter. In short, in the early stage of ether anesthesia, there 
is a mimicry of any one of the great kinetic drives. 

' Alexan.lrr, F. C. : Biochem. Zf.<rJn., TJIl', vliv. Ii7-i:'.!l. 
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Osterhout, Overton, Meyer, Lillic,'^ and other observers have sho^vn that 
ether anesthesia in lighter doses increases the permeabilitj' of the semi- 
permeable membranes of cells to the passage of ions. The activity of cells 
is governed by the state of permeabilit}" of their membranes to ions (Lillie). 
This increased permeability renders the brain extremely excitable in light 
ether anesthesia, and therefore it drives the organism to perform more ^\'ork, 
as has been slio^Mi by Alexander and Cserna, by our researches showing 
the production of hyperchromalism, by Elliott's demonstration of diminished 
adrenal content, and by our demonstration of increased adrenalin output. 
The chnician sees even more striking e^^dence of this increased activation of 
,the brain in tlie behaAioin- of his patient lurder light ether. In exophthalmic 
goiter cases, the organism is especially sensitised, and in these the first stage 
of ether anesthesia gives striking e\aclence of increased activation. As stated 
above, we may conceive that this striking activation of the organism and the 
consequent increase in metabolism in the early stage of ether anesthesia is 
due to an increased permeability of the membranes of the bram-cells. 

We may su2:)pose that ether causes a great increase in the metabolism of the 
cells, a great increase in the formation of electric energy, which escapes readily 
through the lowered resistance of the cell boundaries and of the synapses, 
and in consecpicnce we may presume that hea\^' charges of electricity are 
freed from the cells, and run over the open nerve ])atlis leading to the various 
muscles and glands. There being no adaptive lead over any facilitated action 
pattern, the muscular and the glandular response is as free from purposeful 
action as in a cou^ndsion — and, indeed, in many respects, the first stage of 
anesthesia resembles a general conviilsion. Both a con^iilsion and the first 
stage of anesthesia are overcome by more ether ; but if the victim during 
this time is held or injured, then the electric action current is led over the 
corresponding facilitated paths and is concentrated on the muscles reciuired 
for action, and other muscles Ijccome idle. If no contact gives the direction, 
however, then the outflow of energy is as general as in epdejisy. Just as in 
e])ilepsy, there are contractions of all tlie muscles : there is increased secretion 
of the salivary and the mucous glands ; there is increased sweat ; and pro- 
bal)ly the adrenalin output is increased. 

As we have stated, if restraint or injury is api^lied, then the muscles that 
usually respond receive all the collective electric force of the brain, and show 
almost supernatural power. If the anesthetic is withdrawn at this stage, 
the permeability of the cell returns to the normal, the struggle ceases, the 
flushed face fades, the sweat and tlie saliva and the mucus rapidly become 

' Cstntiout, W. J. A'. : Ilotanictd (lir.,-tti\ I'.ilS, Iv. 44ej-4,')l. Overton, E. : t^hidien iiher die 
Narhosr, Jfiu, lOOl. Meyer, Von H. 11. ; luc. nj. Lillie, li. S. : Am. J. Phystni, 1911-1912, 
xxix. 372-397. 
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normal, the muscles come under vuluiitaiy C(intr(.il and ai-e quiet. The in- 
dividual appears normal \\ith tlie exception of a slight iatigiie. 

Stage of Even Aiicstlic.'>ia. — If the administration of the anestiietic is 
steadily continued through the stage of excitement, oi' if tlic amoxmt is in- 
creased, the struggle soon passes into a stage of comjjlete relaxation. The 
face remains red. although not as red ; tiie ej'cs suffused, Ijut not as suffused ; 
the skin moist, but not as moist : the saliva and mucus remain abundant, 
though not as aljundant. The H-ion c'oncentration of tiie blood increases 
mth the increase of anesthesia. In tliis stage physical injury and restraint 
cause no marked muscular response. 

This is in accord Mith tlic findings in our electric conductivity inves- 
tigations, vliich showed decreased conducti\dty of the cerebrum in deep 
ether anesthesia, as contrasted with the increased conclucti\'ity in the stage 
of excitement. Moreover, Lillie, McClendon,'- and other l)iochemists tell us 
that in this stage of ether anesthesia there is an opposite effect to that of light 
ether on the permeability of semipermeable niend^ranes to ions, \iz. in this 
stage there is an interference with the increase in permeabihty of the cell 
membrane and of the synajjses to the passage of ions, hence stimuli are unable 
to activate the effector mechanism, and in consequence the irritability of the 
organism is in part lost. In this stage of anesthesia the organism cannot do 
adaptive work : it is unconscious. 

Since it requires far more anesthetic to anesthetise the cell than the 
sjTiaiJse — perhaps six times as much — it seems probable that anesthesia is 
due to a block in the sjnaptic membrane like that which is supposed to occur 
in sleep, the difference being that in sleep the synaptic block is at once over- 
come by stimuli, hence is adaptive ; whereas in anesthesia, the block is ph3'sical 
and non-adaptive. Eor this reason stimuli do not -wholly a^^■aken the patient, 
but nevertheless the afferent impulses reach the brain-cells and stimulate them 
\^-ithout purpose — exhausting them without causing awakening — exhausting 
the brain just as if no anesthetic had been given. 

Profound Anesthesia : Death. — If the anesthesia is pushed still further, 
then there is reached a j^oint of saturation at which the H-ion concentration 
of the blood passes the neutral point. This is the fatal point, for when the 
anesthetic causes actual acidity of the blood, death takes place immediately. 
Death, we assume, is due to the loss of difference in potential in the auto- 
nomic and sympathetic, as well as in the cerebro-spinal system ; hence, 
electric impulses cannot pass, and life ends. 

The several parts of the brain differ greatly in their response to ether. It 
would be expected that the brain as a whole would be more markedly affected 

' Lillie, E. S. ; loc. rit. McClendon, J, F. : Science, 1914, xi. 214 ; Am. .J. Fhysiol, 1915, 
xxxviii. 173-179. 
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than otliei' tissiic, siicli, tnf cxaniplc, as imisclc. because tJie brain contains 
a greater pro])ortion of li])oids, Mhicli are especially ati'ectecl by ether. VCn 
"would expect also that the order in which the different portions of the brain are 
atfected would depend upon their relative irritability — the more irritable 
portions being affected first. This we find is true, for first consciousness is 
lost, then muscular activity, -while tlie centres governing respiration and 
circulation are but slightly altered. Were the nmscle-cells more sensitive to 
anesthetics than the brain-cells, tlien the function of the voluntary and of the 
nivoluntary muscular systems would fail before the finietion of the Inain, and 
man would be paralysed ^^'hile conscious, as in curai'e poisoning ; and since 
the respiratory and the circulatnry muscles ^\'o\dd fail, unconsciousness and 
death woidd follow the nuisculai' paralysis, and no such state as anesthesia 
could 1)0 estabbshed. It is lx-cau,se of this difference between tlie nmscle- 
cells and the brain-cells that anesthesia and not death is first produced by 
inlialation anesthesia . 

\\'lien ether anesthesia is continued for four or more hours, these out- 
standing facts are noted : — 

(1) th'aduall}" less anesthetic is required. 

(2) An increasing period for recovery is recprired. 

(3) The brain-cells, the liver-cells, and the adrenal-cell>- show the same 
cytologic ciianges as are seen in exhaustion from other causes. 

(4) The reserve alkalinity is dt'creased. 

(5) The H-ion concentration of the lilood is increased. 

(G) The ck'ctric conductivity of the brain is tlccreased ; tlie electric con- 
ductixity of tJiu liver is increased. 

(7) The individual is in a state of exhaustion, rec[uiring a period of time 
for recovery about equal in that rec|nired for recovery from an ecj^ual degree 
of exhaustion from (jthcr causes. 

.\ ITIIOCS OXID-UXYCEN 

In nitrous oxid-oxygen anesthesia, tliere is apparently an interference with 
the use of oxj-gen by the brain-cells. Therefore the bram-cells are able to 
respond to trauma ami i>tlier stimuli only in inverse prtiportion to tlie depth of 
the anesthesia. Tlie biam-cells, therefore, are protected against shock. This 
is demonstrated liy tlie liyperchromatic or normal appearance of the brain-cells 
after prolonged nitrous oxid anesthesia ; and by their normal appearance 
after shock-producing trauma under nitrous oxid-oxygen anesthesia as com- 
pared with their disintegration after like trauma under ether anesthesia. It 
is demonstrated also l.iy tlie fact that the electric conductivity of the brain 
is decreased by long etiier anesthesia, while it is increased or unchanged by 
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nitrous oxid-oxygon anesthesia. Tliesi' iindings arc in aicnnl \\\i\\ (he Idiictic 
theory and A\ith the coneeption that llie bi-ain is tlie piiniai-y seal of iiijuiy 
from excessive stimnh. The eli'cet of nitrous oxid is soiiu'wliat c()ni])ara))le 
to that of sleep, as our cxpcrinienis liave shown. 

Because of tlie action of nitrons oxid on the intracelhdar oxidation, its use 
is frauglit witli danger ludess it is skilfully administered. An animal may be 
much more quickly killed with nitrous oxid than with ether. 



V. The Mechanism of Tetanus and of Strychnin Poisoning 
and the Synaptic System 

(1) The nervous system consists of neurons. 

(2) Neurons arc nowhere in direct physical contact with each other, hence 
the brain is disconnected from muscle, gland, etc., except during stimulation. 
During stimulation, the circuit is closed as by a key. 

(3) The connecting key between neurons is the synapse. 

(4) The syneipse, as suggested by Sherrington, may be endowed with 
special properties ; ' It miglit restrain diifusion, bank uji osmotic pressure, 
restrict the movement of ions,. accumulate electric charges, support a double 
electric layer, alter in shape and surface tension Avith changes in dift'ercnce in 
potential, alter in difference of potential with changes in surface tension or 
in shape, or intervene as a membrane between dilute solutions of electrolytes 
of different concentration or colloidal suspensions -nith different sign of charge.' ^ 

(5) The synapse may be regarded as an highly adapted switch which now 
closes the circuit, now opens it ; now diminishes the current, now accelerates 
it. This living switch or key may be the site of the activation of tetanus or 
of strychnin convidsions. It may possibly determine sleep <ir the action of 
certain anesthetics. 

(6) An electric current flows from an area of a higiier to an area of 
lower potential, hence the electric battery — the nerve-cell — would be in con- 
stant action, excepting for the intervention of the sjTiaptic switch. If the nerve - 
cell and the end-organ were constantly connected, then tlie nerve-cell would be 
in the position of the battery of a door-bell whose button is pegged. With 
the living electric circuit closed at the synapse, the nerve-cell would \\ork 
continually and would be exhausted just as certainly as the electric battery 
in a closed circuit becomes exhausted. And to the same extent the stinndated 
organ — the gland-cell, or the muscle-cell — would be worn by contimious 
stimulation. The presence of a synapse as a mechanism of adaptive electric 
connection and disconnection is as important as the spring wliich breaks the 

' Sherrington, C. S. : Tin Inttgratirr A,-li,,ii cf tin Ciitml Nerrons Syxlrm, 1HI)6, j). 17. 
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electric current of the door-bell when the pressure is released. Conversely, 
the presence of the synapse supports the conception that there is an electric 
potential in the living neurons ; that the nerve-cells act in some such manner 
as do accumulators. 

STRYCHNIN 

A\'c may suppose that stryclmin acts on the synapses in such a way that 
the electric circuits of many cells are closed at once, so that there results a 
universal and violent stimulation of muscles constituting a convulsion. Not 
only is there stimulation of the nmsclcs, but other mechanisms are stimulated 
.also. 

(1) There is an increased output of adrenalin. 

(2) The blood-jDressure rises very high. 

(.'i) There ap])ears a comjjletc cycle of clianges in the brain-cells : first 
a stage of liyperehromatism, tiien a stage of cliromatolysis, and finally, in 
some cells, swelling, rujiture of the nuclear and the cell membranes, and final 
eleath of t lie cells. 

Niiw all this has (jccurred without the aid of external stimidi ; strychnin 
stnnulatiijn occurs under ether anesthesia ; the liigh blood-prc.--^ure and the 
ra2>id heart and the l^rain-cell changes occur when the animal is under curare. 
When an animal is under the intluenee of a ]ihysiologic dose of stryclmin, a 
slight stimulus is enough to overcome the Iom tlu'eshold and produce a con- 
vidsive discharge of energy. (Jn pages 2ti-33 '\\e have jiresented evidence that 
stryehini"i alnne can cause exhaustion nf the vaso-motor mt'clianism. 

Tf:TANUS 

W'e may assume that the stinndiis from tctaiuis toxin, like that from 
strychnin, jiasses along the axis cylinders of the nerve fibres luitil it reaches 
the synapses. As ^\ it h strychnin, wlivu the stinndus reaches the s^-napses, 
we may presume tliat their ada])tive response is an extreme lowering of their 
resistance so that a strong current of electricity is released, causing a con- 
vulsion. I> it conceivable that closing flic circuit at the synapse 'pegged 
the do(.ir-bell," and a vast nuiscular area became in effect one pole of a great 
battery, the other ])ole l)eing the lirain, the neives being the coimeeting wires 
whose circuit was closed ]>y the action of the tetanus toxin ? 

The conception thai in the response to .strychnin and to tetanus toxin the 
nuisciilar aicas alone aie concerned, is con.sistent with the remarkable fact 
that in tetamis and in strychnin poisoning tlie intellect remains clear and 
tranquil until near death. On the other hand, in the adaptive response to the 
<li-iving of such stimuh as enrotion, exertion, physical injury, etc., the response 
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is not only nmscuilar, but al^o tlie intelk'ct is pioloundly distui'ljed. Tetanus 
causes a relatively slight increase in temiK'ratnre, and in general there is little 
ox-idence of anj' direct excitation of tlie l)rain. Jn cini)1i(}n and infection 
there is a rise in temperature. 



VI. The Bio-Electrical Reorganisation of Disabled 
Organs and Tissues 

(1) Electricity, or its eipuvalent — physiologic activity — is apparently 
the means by M'hich cells are tirganised, for, as Sherrington points out, if the 
eyelids of piippies be kept closed, the related Ijraia-eells will not be developed. 

(2) If the nerve supply to nuiscles is cut otf, tlie muscle-cells Ix'come dis- 
organised : but electricity Mill reorganise them. 

(3) Children who are not allowed to jilay do not develop strongly ; that is 
to say. their muscles are not organised by the electric energy of exercise. 

(4) If groups of muscles are not used, they are not so well organised and 
become Aveak. 

(5) It is probably through the power of the electric organisation of play 
and exercise that children may be systematically Iniilt up into all-round 
physical efficiency. 

(0) AMien limbs are fiactured t>r soft i)arts injured, voluntary exercise 
best reorganises the nmscle and neivc cells from tlie disorganisation of disuse. 

Next in value to the voluntary use. which exercises the driving nerve- 
cell as well as the driven muscle, is electric stinndation of nmscle. Electric 
stimulation restores the muscle cpiite as well as -^-ohmtary stimulation, but 
electric stimulation does not as readilj' reorganise and build up the deteriorated 
nerve -cells. 

These points are being abundantly jjrovcd by experience in the treatment 
of the multitude of crii5])les produced by the ^^-ar. 

(7) In accordance '\\'ith tlic conception that the brain is a jjlastic matrix, 
in which facilitated conduction paths are made by the passage of action 
currents, and that the repetition of these action currents increases the 
facilitation, and that, as the facilitation increases, other action patterns, with 
greater difficulty, hence less frec^uently, obtain possession of the final common 
path (Sherrington) — tlie path of action — we may conclude that whenever this 
receptive human matrix of infinite delicacy is exposed to action currents of 
imusual intensity, as from the fracture of a leg, the pathway of that action 
pattern in the brain will become dominant ; and that, as the recurring pain of 
dressings increases the facilitation of this path-\\a}', the individual will become 
largely a one-path individual — i.e. he possesses a brokcn-leg-path brain. 
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As a result, during this period of painfid eonvaleseence, he is less interested 
in his personal affairs, in his business, in his church, in his philanthropJ^ in his 
family, in his friends — his brain is under a brokendeg facilitation. 

Abnormal facihtations — one-path personalities — are caused not only Ijy 
traumatic stimuh, but to the same degree by mental and emotional stimuli. 
A proud and ambitious financier loses his fortune in a speculation. The 
action crnrents of the episode ^mte that record deeply in tlie facilitated patlis 
of his plastic brain. His brain becomes a one-way brain — a financial-disaster 
brain ! iloral disasters also create one-path brains. In the soldier exposed 
to the intensive drive of battle, a bursting shell witli its noisy demonstration 
dominates his brain by facihtaliiig the auditory patlis of action. The deafen- 
ing and terrifying explosion has the power of facilitating the action pattern 
so overwhelmingly that a pathway of unparalleled facilitation is made ; and 
his brain becomes a one-pattern brain — a souml-facilitated, or a shell-,-hock 
brain . 

Now, if the facihtated action pattern of the ' broken-leg brain ' is suddenly- 
subjected to the competition of a strong mental or moral stimulus, such as 
financial or moral disaster on tlie one hand, or a long-hoped-for, long-striven- 
for success of the utmost value on the other hand, then the broken-leg pattern 
may meet a stronger competitor, and another set of stimuli ^\-ill gain possession 
of the ' final common patli.' Or, if the bed of the patient catches on fixe and 
his body is extensively Inirned, the broken-leg facilitation is overcome by the 
more intense burn facilitation. If the ruined linancicr suddenly redoubles 
his original fortune, the good-news facilitation \\\\\ dominate the failure facilita- 
tion. 

If the shell-shock brain receives a competing stimulus, ^ucli as sufi'ocating 
anesthesia, a bullet or sludl wound, or news of a wa}' to escape from the hazard 
of war, the shell-shock iacihtation may be superseded by one or more other 
facihtations. By the dominating influence of a psychiatrist, competing action 
patterns are at once created and the shell phcrmmena arc no longer in supreme 
control. But the shorter the time since the financier has lost his fortune, 
the more readil}' will tlie facilitated action pattern fade away and be replaced. 
The earher the disused muscle in an injured leg is exercised, the better the 
recovery. The more promptly the shell-shock facilitated brain has competing 
paths cstabhshed, the sooner and the more completely will the normal stimuli 
be able to compete successfiill}', and in consequence a Ijalanccd personality be 
restored. 

Our action, our behaviour during every day, every hour, in every phase 
of life, may be regarded as the expression of the succession of action patterns 
that gain possession of the common path. The psychiatrist, with infinite 
skill, visualises and analyses the human phonograph record ; he hears it play 
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the tune ot life by sampling it here and there ; he sees what reeords are too 
mueh faeilitated, -what reeords ai'e tlepressed tor \\-ant ot ii.se as a result of the 
domination of eompcting ])aths, and he then facilitates this path and dej)rcsses 
that by his trained and aeipnred skill and power of playing at will the electro- 
chemical mechanism ; and thus before his eyes he sees a transformation of tlie 
organism. In the great A\'ar. the psychiatrist, by suggestion, has done for 
the brain mechanism what the surgeon has done by nerve suture for the nerve- 
mir^ele n\echaiiism ; A\hat the internist in the training camp does for the 
exertion sjiicbrome. and what training and discipline does everywhere. In 
war, after the principal defects in the local mechanisms arc corrected in the 
training camp or in the hospital, the man, with his partially restored electro- 
chemical mechanism, is turned over to the combatant oiticer, mIio co-ordinates 
the whole into a standardised human unit of combat. 



CHAPTER VIII 

PRACTICAL APPLICATIONS OF THE KINETIC THEORY 

JX TREATMENT 

I. Water. Opium, Oxygen, Heat, Sleep 

Wiilrr. — Water and oxyyvii and ^k-cp aic 1 no a)nn)danl, ton secure, too 
commonplace to attract our attention. V\'i- are ]ir(ir]e t(-> a>>unie that \vf know 
all about water because we know its tormnla is H^( >. In infections, in surgical 
shock (acute exhaustion), «"e are ajtt to tliiniv of ^vater cliietl\- as a possible 
therapeutic agent for raising and sustaining the I)l(:>od-press\ne. If \\ater does 
not raise and sustain the blood-pressure, then mc are too ready ti> conclude 
that \\-ater has no virtue in the treatiuent. We forget that its function has 
little to do \\-itli blood-pres>uie. ^^'e forget that water is tlie velncle in which the 
electro-chenucal nicchanisui i^ >u>]ien(k'il and lias its l_x-iiig ; that water is 
the basis of life itself ; that man \\ill live longer without food than without 
water : that the properties of water of biologic importance are not all knowii 
to physicists and biologists. Among the properties of water known to be 
vitally ust'ful to the oi'gaiiism ai(.' tlie follo\\ing : — 

(ii) Water lias a greater s])ecific heat than any other sulistance. 

(6) Water has the givatt'st s(.)h-eut power. 

(c) Water has the greatest piowci- as a catahst . 

((/) Water is the only medium in ^^inch eolloichd systems can be C'stablished. 

{(■) Water itself is a gi-c.at chemicd activatoi . 

\\'e forget that it is not iin]irolial)le tliat man is a multiple descendant of his 
ancestral water-born nniceihdar marine organism : that man has emerged 
throiigii t'volution fr(]m the sea, bearing the formula of tlie sea. and tliat some 
parts of liis body are almost as li(piid as the sea ; that he is a laiuk'd marine 
animal, obeying the laws of the sea. A\'iien a patient has reached a stage of 
ph^sico-cliemical dissolution in which liis tissues no longer absorb and use 
water, it does not mean that water has faiU'il ■, it is a sign rather that the 
organism lias failed, and that irrevocable (hssohition is in progress. The 
patient should have water early as well as hde. and should have enough water, 

1H2 
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in the interest of liis internal reyjiiration and basic nu-talidlisni jatlier than 
of his blood -pressure. 

Opium. — Opium is tiie most useful and the most harmful of all drugs. 
Our theme in this volume has been to adduce evidence of medical interest 
tending to show that man is an electro-chemical mechanism evolved to trans- 
form energy adapt ivelj- ; that in the transformation of energy, wJiatevcr its 
purpose, a groui) of organs coUaborati'. Wliether llu' purpose of the trans- 
formation of energy be for the pursuit of prey, the cultivation of a field, escape 
from an enemy ; wht-ther for the mobilisation of a chemical defence against an 
invading micro-organism : Avhether for procreation or in response to physical 
injury : whether for emotion — whatever its cause or purjjose. energy-trans- 
formation in the organism is diminished or controlled by opium. This ccintrol is 
e^'idenced by the facts that under deep narcotisation witli opium, the adrenahn 
output is blocked, the jiermeability of the brain and of the liver is relativel_y 
stabilised, and brain-cell and liver-cell changes due to infection or injury 
are diminished. Lender opium, neither emotion nor muscular exertion can 
be expressed ; the temperature and pulse and respiration of infection are 
measiu'ably controlled, anaphylaxis is averted, and surgical shock greatly 
diminished. Opium red\iees the total metaljolisni inider all circumstances 
in which the brain is the dri-ving cause of the metabohsm ; but opium apparently 
has no power to prevent the increased metabolism jiroduced by the injection 
of adrenalin. Oj^imn, therefore, controls the oidjiiit. not the dctiori of adrenalin. 
Opium has not the power to prevent strychnin eonvulsi(jns, (les]iite the fact 
that it prevents voluntary muscular contractions. 

From these considerations we conclude that o])ium controls ihc electro- 
chemical mechanism of man b_v blocking its battery — the l)rain and nerve cells. 
Hence, opium solaces the troubled, controls pain, diminishes the drive of 
fevers. Opium — deep opium narcosis — is, therefore, a boon in traumatic 
shock, in sejrtic shock, in anaphylactic shock, in shock due to ))ain. On the 
other hand, opium is of no value, but does harm, in tetanus, in asphyxia, in 
acute acidosis. Opium, through its power of blocking vital processes, Mlhch are 
governed by the nervous system, interferes nnich with important glandidar 
activity. Therefore, when a patient is under deep narcotisation by o])ium, 
there should he given a subcutaneous infusion of from 2000 to 3t)00 cr. 
normal saline solution, and '> per cent, solution of sodium ljicarl)onate and 
glucose should be administered jier rectum, to the end that the desiccating 
effect of opium may be overcome and the tissues be duly wetted, and that 
the elimination of waste products may be facilitated. Tlierc is evidence that, 
in addition, under certain conditions, oxygen mider pressure should be added. 

Oxygen. — There is but little to say about o.xygen, for the resjjiratory 
mechanism, unlike the circulatory mechanism, deals with the light mechanical 
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turcfs of air, not with the heavier forces required for circulating tlie \'iseicl 
blood through a vast system of resisting vessels. One point should be borne 
in mind, however : — The respiratory centres may become so altered that they 
nu longer respond normally, and there results anoxemia — deficient aeration 
of the blood ; an extremely dangerous condition. Anoxemia is characterised 
by tlnee outstanding ehnical features : — 

(d) The respirations are either too shallo'w or too slow, and are obviously 
exercised by a tired centre. 

(b) The patient is ashen gray or gray-blue. 

(c) The patient is in profound prostration. 

The one obvious therapeutic measure is the administration of oxj-gen under 
2)ressure to improve the internal respiration of the tissues. 

In the wai', this condition was seen among three classes of patients : cases 
of phosgene poisoning ; patients in late trainnatic shock ; some patients 
with chest woiuids. Each siiowed like phenomena ; each rec£uired like treat- 
ment, viz. oxygen under pressure. But a conscious patient is apt to rebel, 
<'ven to struggle against inhalation under pressure. This may be obviated 
by using the nitrous oxid-oxygen aj^paratus, giving sufficient nitrous oxid to 
take the edge off the anxiety — merely analgesia. Li this pleasant state, 
oxygen under pressure may be given \\ithout the disadvantage of exciting 
the opposition of the patient. 

Heat. — Heat may play a jirominent role, both in the production of 
shock and exhaustion, and in i-estoration. The organism of warm-blooded 
animals performs its functions best at an optimum, even temperature. If 
the temjjerature is raised nnich above normal, there is exhaustion ; if de- 
pressed much helov: the normal level, there is exhaustion. The laws of physics 
establish the effect of temperature on chemical processes. With each degree 
of rise in temperature, chemical activity is increased 10 jJer cent. We have 
suggested that, in making a defence against infection, heat is a valuable 
aid in accelerating the defending chemical action of the host. Is it pos- 
sible that the good effect of the application of local heat to infected areas 
may in part be due to an increase in the defending chemical acti-\-ity of the 
phagoc;yte ? In excessive fcvci-, A\hich threatens life, the reduction in tem- 
perature by cold may owe its Ix'ueiits, m part, to the consequent diminution 
of the excessive cliemical activity. Not only docs increased temperature 
accelerate chemical activity, but it increases electric conductance — i.e. each 
degree of rise in temperature increases electric conductance 2-5 per cent. 
Increased electric conductance automatically causes an increase in meta- 
bolism. 

The opposite is equally true. Wlien the power of the brain to drive the 
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body to fabricate heat is impaired in slio(l<, \\ itli each degree of the consequent 
fall in body temperature, the chemical activity of tlie organism is diviinished 
10 per cent., and there is a corres])onding diminution of ek'ctric conductance. 
Therefore when, in a case of sliock, lieat is a])plied to tiie body, the rise in 
tcniperatiu'e produced by the external heat automatically increases the rate of 
production of internal heat ; in other woi'ds, the t'xternal Jieat not only assists 
the body by supplying heat from without, but also ))y enabling tlie enfeebled 
powers of the body to create more heat ^\■ithul itself. 

For more than a century, surgeons have ap]>reciated the value of increased 
body heat in shock ; of increased local lieat in acute infection. 

Rest and SJeej). — Because rest and sleep arc as commonplace as water 
iind oxygen, they are taken for granted. U'lie researches of others, and our 
OAMi. have shown that rest and sleej) are as mucli a part of the biologic cycle 
of work and restoration as niglit is a ])art of the cycle of the day. There is 
no continuous day ; there is no continuous conscaousness. Work and fatigue 
and restoration, translated into bio-electro-chemical terms, mean electric 
discharge, polarisation, and recharge. An electric batter}', when weakened 
by too much work in the form of continuous or sudden complete electric 
discharge, is not restored by more and violent Mork. Tlie lunnan mechanism 
in shock or exhaustion is not restored by jjhysical injury, nor by strychnin, 
nor by alcohol, nor by anesthetics, nor by camphor oil, nor by being made 
anxious, nor by painful examinations, noi' l)y I'ough handling, l)ut by rest and 
.sleep, and by aiding the failing functions of organs. 

Our best results will be secured if we imdei'stand the principk's in accordance 
\\'ith which the biologic system operates. We shall then use the means sanc- 
tioned by evolution and siu'vival, and never violate these simple principles. 
Let lis first emjiloy food and water, warmth and shelter, oxygen and rest and 
.sleep — until we have foimd out how to do for tlie organism wJiat sleep and 
other minor forms of negativity accomplish. 



II. Hypothetical Effect of Exposure of Raw Tissue to the Air 

The following considerations A\ould more approjiriately be designated a 
mere speculation. 

AMPUTATIONS 

tSurgeons have always kno\\ii that tlie liigher the amputation of the leg 
and thigh, the higher the mortality rate : that if more than one-third of the 
sui-face of the body is denuded of its skin, death will probably occur : tliat the 
wider the dissection, the greater the exhaustion and shock. Especially is 
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this true of the division of iiiiisclfs, as in liigh amputation of the thigli and in 
amputation at the shoulder. Among the factors that contribute to exhaustioii 
and shock, we recognise the jnimar}- vahie of the vast number of traumatic 
afferent impulses entering the Ijrain. These inflowing impulses may of them- 
selves be sufficient to cause death. 

That the high mortality of thigh amputations may be explained by the 
electro-chemical theory is inferred from the facts that blocking the spinal 
cord is all but specific in preventing sliock ; and that tlie use of nitrous oxid 
is almost equally protective. 

Iir what manner does the tlivision of large areas of muscle or the exposure 
of large areas of other tissue cause so nnich exhaustion and sliock % And how 
are exhaustion and shock ]ire vented either l)y nerve Ijloeking or by nitrous 
oxid anesthesia % 

Jn accordance with the electrcj-c liemiral conception, the blocking of the 
spinal cord ])rotects the lirain-ccUs against tlio imjiact of tlie incoming 
stimuli ; and nitrous oxi<l, ^\•hile it does not prevent tramnatic stimuli fronr 
leaching tln' l)rain-cells. (Idcs prevent the fidl response of the biain-cells 
l)y diniinisliiiig oxidation williiii llieni. In either ease there is a physiologic 
prdtection. 

iJespitc these measures, lio"\\'ever. in some cases thei'e occurs later a con- 
sidei'able degret- of shock, 'khe electni-clieniical theory supplies the follo\\"ing 
interpretation of this deferred shock : — .Muscle-cells are concentration cells. 
The interior of each cell contains an ai-cumulation of negative ions, which are 
retained ^\'ithin the cell by the memfiranes, ^\ilich are impcrmealile to negative 
ions. When the cells are divi(lc<l, tlieicfore, these negative ions are released 
and a. galvanometer will receive llie current resrdting from their escajU'. The 
exIiU^ition (if tliis current cm the divisicin of frog musck' is a standard experi- 
ment for medical .students. Physiologists tell us that all living tissue, when 
divided, exliibits this " curixMit of injui\'.' 

On the ]iicinises I'stablislied by pliysical chemists, one wiaild expect that 
till' division (if masses of ninsdc would release much i<inetic energy in the 
inrm of the ek'ct iicity wliidi i> Mipposed to drive the bo(.ly. Nitrous oxid, by 
diminishing the creation (if electric energy, conserves ; nerve blocking may 
cdiiserve by ))locking the cncicnt curient, as well as the afferent. The fore- 

gdiiig exjjlanation is in liaiii \ \\\\\\ the earlier cduchisions in this volume, 

and with the hic( that nerve lil(jcking, nitrous oxid anesthesia supplemented 
by the irrrrrrediate covering of the i;n\ area with a non-conduclor, and the 
use (jf heavy narcotisation by mdr])hin, which blocks brairr-cell metabolism — 
]»liis va.st cpiantities of water — dimmish the probabilrty of death from shock in 
amprrtatiorrs (if tlr(.' thigh. 
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EXPOSURE OE ABDOJIlNAr. VISCERA 

Among the smgieal mysteries has been the fact that the mere exposure of 
the abdominal \is(,'era to the air causes exhaustion and shock. In accorchmce 
with the electro-chemical theory, one wnuld suppose that in addition to the 
damage to the brain-cells produced b_y the afferent impulses there might be 
also a damaging loss of electric energy in the ' current or currents of injury.' 
That a certain tlegrce of jDrobabihty is attached to this conception is suggested 
by the following facts ; - 

(1) Nitrous oxid, which presumedly prevents the fabrication of electric 
energy by the brain-cells, almost specifically prevents shock from trauma or 
exposure of the abdominal viscera . 

(2) In " spinal animals,' that is, animals whose spinal cords have been severed 
several months previously, in which tlie efferent currents as well as the afferent 
are blocked, there is also almost a specific prevention of slioek from tiauma 
or exposure of the abdominal viscera. 

(3) The time factor in the production of abdominal slujck obeys a law 
which applies also to the loss of electric energy through the ' current of injury.' 
Roughly speaking, the degree of exhaiistion is proportional to the area of 
exposed tissue multiplied by the intensity of trauma and by the length of 
exposure. 

EXPOSURE OK TISSUE 

(1) In our exjjeriments on animals under complete anesthesia, shock was 
produced when the greater portion of the skin was removed : and when 
extensive divisions of muscle were made . 

(2) Merely exposing the fourth ventricle to the air causes a very great 
fall in the blood -pressiu'e. Is this exhaustion due to a ' ciment of injury " ? 

(3) The exposme of laige areas of the brain tissue soon leads to ex- 
haustion. 

On the other Iiand, in extensive burns, the toxic factor from jjartiaHy 
decomposed proteins largeh' clouds the picture. In these cases, is it possible 
that the good effect of the covering with oil is wholly luu'clatetl to the ' non- 
conductor ' property of the oil ? 

Multiple war wounds, whose individual areas make a large total of naked 
tissue, involving only the skin and subcutaneous tissue, have been attended 
by considerable, even fatal shock and exhaustion. Covdd these fatal results 
be due in part to the loss of electric energy, added to the ' drive ' of the afferent 
impulses from the injury and the operation ? 
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NAT URA L P J lOTECTION 

The foregoing suggestions raise this jjeilinent question : — Is the surround- 
ing air a good or a bad eonductor ? The sliin of man is a poor conductor. 
Tliere is almost no conductance between dry air and the skin. Air itself is a 
poor conductor, and its conductance is dependent on its moisture. Dry skin 
is an exceedingly poor conductor. An oily skin is still less a conductor. Wool 
and hair and feathers are poor conductors. It would seem that the bio- 
electric mechanism of man and animals is encased in a fairly efficient non- 
conducting envelope. As suggested Ijy Robertson/ possibly this explains 
the c(jmfort of the ' l>ip])cd' "wound witji its non-conducting paraffin covering. 
May it not be possible that the physical depression produced by a humid day, 
or wet clothes, by wet and muddy environment, as in the trenches, is in some 
waj' related to the loss of encrg}' through the increased conductance of damp 
air and a wet slvin ? 



III. The Shockless Operation through Anociation 

FUND A.Af EXTAT Pit IXCf PLES 

(1) Nilroiis Oxid-Oxygen Anesthesia. — Xitrotis oxid-oxygen produces a 
light anesthesia and gives less muscular relaxation than ether or chloroform. 
Speciid irainhuj in its adtiiiiiistration is itlisoh/teli/ required . iw it is technically 
the most difficult of all anesthetics to administer safely. These disadvantages, 
however, are far outweighed by its advantages, as compared A^ith ether or 
chloroform. It is quick in its action ; is pleasant to take ; recovcrv is im- 
mediate ; it produces but slight nausea ; it is protective — strongly protective 
• — against the shock of operation. Nitrous oxid is almost a specific against 
shock (Fig. If 3). It apparently owes this projierty to its interference with 
the u.se of oxygen by the brain-cells. In this sense, nitrons oxid is an ideal 
anoeiator ; to some extent it is as protective as the local l)locking of nerves. 
Local blocking prevents the injuring stinuilus from reacliing the brain ; nitrous 
oxid permits the stimulus to reach the brain but minimises the response of the 
brain-cells, and to that extent prevents the exhaustion of the brain-cells. 

Nowhere have the results of tiie use of nitrous oxid-oxygen been more 
dramatic than in military surgery in the front area . In a personal eonnnunica- 
tion Major Gregory Marshall reported — and his re])ort is typical — that in any 

' linbfTtsoii, A. \V. : ,S7//,//,,- ni El, .1 m- l;,ll,,,/n,i,,, 11)1:1. 
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series of grave eases in military surgery, tlie use of nitrous oxid alone will 
increase the recovery rate of abdominal and chest cases from 25 to 50 per 
cent., and of high amputations of tlic thigh 200 per cent., over the recovery 
rate of hke eases operated upon under eflier (ir chloroiurm. 
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CoMi'OSiTE Tracings -A, Nitnius 0\i.l (plus (Jxy^rnj. L',, Ktlitr. 
Fig. 113. — Protective Effect of Nitrous Oxiil as Manifested li^'tlie Maintenance of lUooil- 
l're.ssiire in the Presence of Repeated Traunia, Compareil with tlie Loss of Blooil- 
I'res.sure in an Animal Siihjectcd to Lil<e Traiinia under Kthcr. 

For minor o}>eratioiis, nitrous oxid jjroduces a pleasant analgesia in which 
pain is abolished while consciousness is retained. It can be given under 
positive pressure when desired. This is of especial benefit in chest operations, 
because it will maintain the lung flabbily within the chest against the chest 
wall, or protruding out of the opening in tlio chest wall, as ma}" bo required. 
It causes neither bronchitis, pneumonia, nor nephritis, and the patients re- 
cover so C|uickly that they can eat and drink soon after the operation. In the 
case of one patient, Gwathmey has given nitrous oxid -oxygen 139 times and 
neither tolerance nor dread was estabhshed. 



e 
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Nitrons oxid, like ether and cJiloroform, must hv jnire. The apparatus 
for its administration must be eajiable of dehvering any desired pressure and 
mixture of nitrous oxid-oxygen. Tlie induetion of anesthesia must be gradual, 
not too rapid, and respiiation must lie established and maintained at an 
even rate. The patient inust be kept junk througliout the anesthesia. Th 
jniik patietit cannot die. If complete anesthesia cannot be secured by nitrous 
oxid and oxygen alone, as in alcoholics, and there is difficulty in keeping the 
jiatient pink, or if anesthesia is attained but not sufficient relaxation, ether 
must be added. The safety of nitrous oxid-oxygcn anesthesia is indicated by the 
fact that in one American clinic it lias Ijeen administered ))y the chief anesthe- 
tist and the pupils of the clinic over 25,000 times witJiout an anesthetic death. 

Because nitrous oxid-oxygcn anesthesia is more difficult to administer, 
costs more, and requires more expensive a])pai'atus than ether, this anesthetic 
seems less satisfactory to the operator : but because its protection is so great, 
its inhalation so pleasant, its after-effects so slight, it must Ix- regarded as 
strictly the patient's anesthetic. 

(2) Short, Deft Operation. — Tiic surgeon too often Ijccomes so preoccupied 
\\'h\\ the technic and the pur])(>se of the o])eration. tjiat lie forgets that he is 
cutting, retracting, or ])ulhng living and exquisitely reactive tissue ; that he 
is infliding needless injury. He forgets that every moment tjie operation is 
prolonged beyond the actual requii'cment is a moment of unnecessarj' injurv to 
an unconscious felloAv-mau, v ho has no means of jirotest. no means of defence, 
against a well-meaning, if certain, surgical executinn. Thei'efore the surgical 
oljjcctive should be achieved l.\v as short, as ileft , as jiix'ciM.' technic as is con- 
sistent \\ith accuracy. 

(3) Locnl. liefjioiiaJ, or Siiinal Am stlicsia . — .Ahijor ^larshall's oliservations 
show tliat one of tlie immediate effects of spinal anesthesia is the fall in blood- 
jircssure (Fig. 114). This has been conclusively shown in ex]icriments on 
animals in our laboratory. ^Fajoi- ^Maishall lias shown that the fall in 
ljl()od-])rcssin'e is most severe in the jiatient whox' lilood i^ dilute, vith low 
liemoglijbin, and in the recently injured jiatient. When alxuii fortv liours or 
more have elajised since tlic wound was reci'ived, s])inal anesthesia is com- 
])aratively safe. This time corresj)onds with that reijinrcd for stabilising the 
circulation by re-establi^hiug the normal factors of safety. It is tlic recently 
injured man in deeji sliocl^ tliat stands most in need of tlie jirotection of nerve 
blocldng. In Ixith the laboratory and clinic, it has Ik-cu sliown that shock 
cannot ])v caused ]>y any amount of trauma u]ion an an -a ) ihysiolo^ira 11 v severed 
ironi tlie Itrain hy a local anesthetic, Iiy liloiking (he spiii.d cord or the nerve 
ti'unks, or liy local infiltration. In this maiinei', as far at least as trauma 
is concerned, a. sliockless operation may be ])ciformcd, lait the sights and 
sounds of the ojjcrating room, the jiatient 's kiiowleduc that his flesh is 
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being divided by a knife, tliat his blood-vessels are licing <livided and 
tied, the sound of the saw that severs his bones — all these contiiljuto to 
psj'chic shock. Spinal anesthesia is therefore of vahie, ))ro\ided that the 
ce-)nscc[uent great fall in blood-pressnre may bi' jaevented and liiat (he jjsj^chic 
factor may be ehminated by the leelmie of Colonel Hngh Cabot. ( 'ohaiel 



SPINAL ANAESTHESi;!. 
ANT SUP ILIAC 5PIMES 



© 



BOMB WOONPt? LEciS 
'="»^Ti^^-rs CjS^UDn^ MEAuTHy 




Fa;. ]U. — Fall in BlnixFrrussuif Causr.l l)y Spinal Aiitstlit-sia. 
(Courtesy of Major (;rL>;ory .Marshall. ) 



Cabot injects 2 cc. of a 5 i3er cent, solution of no\-ocain A\-ith adi'enalin diluted 
with 2 cc. of spinal fluid, between the fourth and fifth lumbar vertelira\ At 
this level, the splanchnic area is not so markedly affected and tiie l)liiod- 
pressiire falls but slightly. Colonel Caljot rej)orted tc) the author a series of 
180 amputations of the thigh — 90 under ether and 90 tnider spinal anesthesia. 
In this series the mortality rate of operations under spinal anesthesia was 
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50 jxT cent, below the nioitality riitc of operations under ether. Local 
anesthesia, when applicable, is excellent. When local anesthesia is used, it is 
best to give niorphin or oninopon in advance. 

(4) Tlie SliockJcss Ojicralion. — The practical appUcation of the foregoing 
principles jiekls the sh<ic]<less o]XTation. This point has been securely 
established not only in the eivihan but alscj in the military clinic, as is attested 
by the follo\\ing statement by General B(jwlby : ^ " Its use (nitrous oxicl ox}gen) 
saved many lives, and in abdominal operations the very licst results of all 
"Were obtained l)y lombining it ^^•itll inhltrative anesthesia of tJie abdominal 
wall. Jly this combined method the gas and ox}-gen reipiiied was reduced 
to a minimum, and the (jperator was not troidjled by abdominal rigidity. It 
was by the xisc of this condjination tliat Majors D. Taylor and G. Marshall 
at " Remy^iding " succeeded i]i saving 74 i^atients in a consecutive series of 
1()1 operations for perforating rounds of the abdomen, and I believe that these 
residts were the best obtained in the British Army during the war.' The 
follo\\'ing conditions j'ield the shockless operation : — 

(«) Tlie conti'ol of fear and anxicfy, if not by )nanagcnient, then by a 
moderate dose of morjdan. 

(h) The use of nitrous oxid-oxygen anesthesia. 

(c) Regional blocking by local anesthesia. 

(rf) A feather-edge teclniic. 

((') Keeping raw tissues c(jvcrcd as much as possible. 

(/) Prevention of loss of blood. 

{g) Prevention of loss of body heat. 
These conditions cati Ijcst ))e achieved only f)y a highly co-ordinated grottp 
— surgeons, assistants, nurses, and oidtTlics. The sjiecial judlilems at hand 
and the oppoi-funitj' are factors which must be controlled by the surgeon. 

There is one point that cannot be reiterated too often — the patient under 
ether anesthesia is in no way jnotected against shock. Tissues, for their own 
sake and in the interests of the entirt' organism, must be injured only to 
secure a net profit. The baneful etfects of low blood-pressure must not be 
forgotten, and timely transftision of blood is impeiative. 

APPLICATKJX ol- THE PIMXCIPLES UP AXOCIATION IN 
SJ'KCIAL CROUPS OP CASES 

Ai;i)OMiNAL Operations 

{a) If nitrous oxid is used, and it is tlic anesthetic e>f choice, use local 
infiltration also, to jjroniote relaxation of the abdominal muscles. If re- 
laxation is not complete, duriiig explonition, add ether. 

' Bowlliy, A. : Stn;/. (hjiK Olixt., V.)-20, xxx. 13-21. 
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{b) If ether is employed, use Gwathmcy's warmed vapour method. Employ 
local infiltration also, so that the least possible amount of ether will be used. 

(c) If there is free blood, as in mihtary surgery. Major Taylor's plan of 
leaving the blood in the abdomen until the intestinal technic is completed 
seems sound. Apparently, the free blood serves as a measurable protection 
against damage from the exposure to air. 

(c?) Turn a shock patient from side to side as little as possible during 
operation. (Major Gregory Marshall.) 

(e) The abdomen nnist be kept open the least possible length of time. 

(/) Manipulations and exposure of the viscera must be reduced to a 
minimum ; therefore, make an ample incision. 

(g) If a patient is in deep shock, transfuse some blood at the beginning and 
more at the close of operation. 

(/() Li cei-tam cases, if debilitj' is marked, and the operation is such as to 
interfere with the physiologic balance of the patient — as in resections of the 
stomach, intestines, or gall-bladder — it is advisable to perform the operation 
in two seances, the second major step being taken after the nutritional balance 
is well estabhshed. 

(/) Li starved cases from cancer or in grave risks, nitrous oxid may be 
used only to provide analgesia, and anesthesia secured mainly by local 
anesthesia . 

(j) If, as we beheve, the liver is the key to chemical stabilisation, and if the 
chemical activity is increased by heat, then heat applied to the entire abdomen 
both before and after operation in bad risk cases, would increase the tempera- 
ture of tlie liver, thus increasing its metabolism. This increased metabohsm 
of the liver, in turn, would defend the organism as a whole. Thus far the 
clinical experience seems to bear out this assumption. 

Operations on the Chest 

(a) If there is cyanosis, give oxygen mider pressure, with enough nitrous 
oxid for analgesia, until the gray-blue color, or the ordinary cyanosis, gives 
way to a pink color. It usually requires from ten to fifteen minutes for 
restoration of the internal respiration. When a pink color is restored, then 
give surgical anesthesia. 

(b) Make an adecpiate exposure. Resecting a rib is better than working 
in a cramped space. 

(c) Handle the lungs and heart and pleura precisely and gently, and quit 
when finished. 

(d) Move the patient as little as possible. 

(e) Close the chest air-tight. 

N 
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(/) Give oxygen under pressure at intervals during the first twenty-four 
liours if required. 

Operations on the Extremities 

((f) When dealmg with fraetures, under anestliesia, no less than without 
anesthesia, the limb must be orientated and handled so skilfully that httle or 
no crepitus will be felt . 

(b) Li amputations, divide the nerve trunks as lightly as possible, and handle 
the hmb as httle as possible. 

(c) Li gTave shock, if no nitrous oxid is available, consider usmg low spinal 
anesthesia by Cabot's method, and be prepared to give blood transfusion to 
overcome the lowered blood -pressure caused by the anesthesia. 

{(1) We should not forget that the anesthetised patient is hving, and 
responds to injury as readily as the unanesthetised. 

(e) Cover and jirotect large ^^'ounds as much as possible. 

Gassed Cases in Military Surgery 

(«) First give oxygen under pressure, with just sufhcient nitrous oxid to 
eliminate the worry due to the maslc and to tlie oxygen inhalation. 

(b) After the pink color is restored, give hght surgical anesthesia. 

(c) Make a short, deft operation. 

(d) When required, give oxygen under pressure during the post -operative 
period. 

(e) Local, regional, or spinal anesthesia is preferable to general anesthesia. 

Hemorrhage 

(a) If hemorrhage is critical and continuous, give enough blood trans- 
fusion to make anesthesia safe. 

(b) Anesthetise. 

(c) Secure the Ijleeding vessel. 

(d) Transfuse enough blood to make up the normal quantity. 

(e) Operate as httle and as hghtly as jiossible, for the anemia from the 
hemorrhage causes much damage to the vital organs and tlic normal resistance 
of the vital organs is reduced. Patii-nts are not as strong after blood trans- 
fusion as they appear to be. 

Acute Bounding Infections 

(a) Deep narcotisation with morphin, and, if time permits, 1000 cc. of 
normal saline subcutaiieously before operation. 
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(b) Nitrons oxid-oxj-gen anesthesia. 

(c) ' Toucli-aud-go ' operation. 

(d) Continnons morjaliin narcotisation for twentj'-i'onr hours or more until 
the patient is safe . 

(e) During mopphin »arcoiisaiioii, alwaj^s give sahne subcutancouslj', 
from 2000 to 3000 ec. each twenty -four hours. 

(/) Give 5 per cent, sodium bicarbonate per lectum bjr the Murph}' drip. 

Prolonged Infections 

(a) Transfusion of blood. 

(h) Light, short operation. 

(c) A second transfusion, if rec^uired. 

{d) Sodium bicarbonate per rectum by the Murphy drip. 

Ashen-Gray and Cyanosed Patients 

Except in chest cases, in which there is gross defect in excJiange of air, 
an ashen-gray or tallow-candle facies expresses so complete a failure of the 
internal respiration that the patient usually dies. 

The one hope is to force oxygen under pressure in order to improve the 
internal respiration, and to give blood transfusion, if available ; if not, give 
Bayliss' giim infusion in the hope that internal respiration -^vill become 
established in the vital organs. Unless the patient remains pink, it is of no 
use to proceed further. Many of these cases are influenced by nothing — they 
are potent iallj' dead. 

Exophthalmic Goiter 

(a) In advanced exoi)hthalmic goiter, the internal respiration is abnormally 
sensitive, as indicated by the adrenahn test (Goetsch), and by the baneful 
effect of diminished exchange of air as a result of emotion or of injury. Tlie 
operative procedure should be graded according to the severitj' of the disease. 

(h) The anesthetic sliould be nitrous oxid. which, as a ride, should be 
administered in bed, the patient being transferred to the operating room 
after anesthesia is estabhshed. 

(c) In moderate cases, the entire operation may be completed at one 
seance . 

(d) In more severe cases, diminish the thyroid activity by a prehminary 
ligation in bed, under nitrous oxid analgesia and local anesthesia. 

(e) In extremely grave cases, it may be necessary to diminish the thjToid 
activity by multiple steps — boihng water injections (Porter) ; hgation of one 
vessel; hgation of the second vessel ; partial lobectomy ; complete lobectomy ; 



196 



A PHYSICAL INTERPRETATION OF SHOCK 







1 ' — 

4- ' 5 


<£r 


^ 


e 


ft; 

t 
t 

u 




1; 




















:j 












lor 
lot, 
105. 

IO-4 

'03 
101 

\0' 

9a 
9to 






1^ < 
















a 
































\ 
















J 




































-A 






^N 










V' 


^r- 


-^/^ 


^ ^ 






rJ 












-7^^ 


-/^— =: 


r-/ 












/ 
















































J 

D 


200 

leo 

\70 

150 
Ho 
'SO 
120 

lOO 

90 
























































































































A 














A 


A 














/\ 


' V. 
















\ 


/'^ 
















\ 




. / 


-^\ \ 


r^ 




j 




\ 


/\ 


l\ / 




y 


\^ 








_/ ^ 








X/XJL- 














<^rt 


-71 


! 







p-.-.^ 
I 


- I 1 3 


A 


3 


& 


7 


e 


S? '0 ■' 12 '3 1-1 15 n, .TJ F^ !■=> 
















■ 1 


^ 




5 b 














° 
















! 


«04 




s ? 












^ 




K 














e !" 


















^ ,n 


















t -^ 


















a 




. 


t\ 


__ 










a. 


-L /L^ 


-/ V 




A~~, 






5 :_- , ^ 


/ 'f 






L^ \ 


k^^ 


^ , - ... ^ 












r^^TJr/'^CvW^ 


^ "^ 












j [ 














i 


1 
















1 ,^ L „ 






. 










'w !— — ■ 


















1 














1ft ' "^ 




\ 


^i\ " 


. 


_____ 






— f— 1 


■•I ,» ^ 




f 


^ 


A - 


^ 








3 "• ^ 
i.r _^^^ 


i^d 


4- 


\ 


■^V\ 


=fc 


■v^^^ 


pL 


90 — - 


— — 


— 


2 


IX/JLJL 


H9: 






— lE^ssHl 



Fig. 115.— Control of I'ost-Opcriitivt Hypertliyroidism by Ice-Packs. 
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allowing intervals of a month or more between tlic successive stages as tlie 
condition of the patient may indicate. If, during operation, the pulse runs 
np beyond the safety point, stop the operation and dress the wound with 
flavine, and complete the operation after a day or two, when conditions are 
safe. In some cases, though the thyroid is resected, it is advisable to dress the 
imsutured wound with fla\'inc and make a delayed closure in bed the following 
day under analgesia. 

(/) In multijDle stage operations, the length of interval is determined by the 
degree of physiologic adjustment. 

(g) III certain cases, lobectomy is performed in bed under nitrous oxid 
analgesia and local anesthesia. 

(h) Psychic control is required througliout to diminish the intense drive 
bj' estabhsliing confidence and liope. An anociated regimen should be pre- 
scribed for the pre -operative, inter-operative, and post-operative periods. 

(0 If after operation tliere is inaugurated an excessively high temperature, 
with greatly increased pulse and respiration, then, on the principle that heat 
increases chemical activity and electric conductivity, and that these in turn 
increase heat, such patients are literally packed in ice — packed early. This 
procedure has been found to exercise a remarkable control over the destroying 
metabolism. (Fig. 115.) 

This post -operative phase of exophthalmic goiter is closely analogous to 
heat-stroke in symptoms and in control ; and both heat-stroke and the so- 
called post -operative hj'perthjToidism are the antitliesis of shock in ^^'hich by 
contrast the heat centre is paralysed. Li the latter, heat is as useful as cold 
is in the former. The treatment for each is planned in accordance -with the 
simple laws of physics. Tlie practicabihty of the plan of treatment outhned 
above has made possible in the Lakeside Clinic the following record ; — 206 
consecutive thyroidectomies, of which 126 were of the cxophthahnic type, 
without a goiter death ; S7 ligations \dthout a death. Tlie one death in 
the series was the result of double pneumonia. No case was rejected for 
operation. 

IV. Limitations of Certain Methods of Treatment 

MORPHIN 

Except in chest wounds, do not use morpliin in the presence of cyanosis. 

Blood Transfusion 

(a) In grey cyanosis, blood transfusion may fail. 

(b) In progressive internal hemorrhage, blood transfusion may hasten 
bleeding. 
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(c) Too nii>ld iutroduction of blofid in a patient with a weak myocardium 
may cause acute dilatation of the heart. 

{(l) If luimatched blood is given, especially in infection, serum reaction 
may occur. If matching of blood is impossible, transfuse a small amount and 
note the effect. Incompatibihty can usually be discerned at once. 



Spinal Anesthesia 

(a) In the low blood-pressure of acute shock or hemorrhage, the additional 
fall due to spinal anesthesia as a result of the interrujition of so large an area 
of vaso-motor nerves may cause dangerous, even fatal collapse. This may be 
prevented by blood transfusion. 

(Ij) The psj'cliic factor may be both distressing and damaging, but may be 
ehminated by morphiii or by nitrous oxid analgesia, or by very hglit ether 
anesthesia. 

(c) Occasionally spinal anesthesia is incomplete. Such a failure must be 
met by general anesthesia. 

Nitrous Oxid 

((() In al^domhial operations, muscular relaxation may not be complete 
under nitrous oxid anesthesia. This condition should be met by local 
anesthesia of the abdominal wall and by light handhng. 

(h) Nitrous oxid is a light anesthetic, demanding of the surgeon a Ught, 
deft operative technic. 

(c) Nitrous oxid must be given only l)y experts ; it is dangerous in in- 
expert hands. 

Ether 

(«) Ether tends to cause broncho-pneumonia, especially in abdominal 
operations during the \\'inter. 

(b) It diminishes, even temporarily abolishes, phagocj-tosis, and is therefore 
unsuitable in infections. 

(c) There is a tendency to a fall in blood -pressure after operation ; hence, it 
is unsuitable m shock. 

{d) Ether causes a rather large diminution in the reserve alkahiiitj' of the 
blood. 

Saline Infitsion 

(a) If an excessive amount of sahne solution is given intravenously, it 
accumulates excessively in the abdominal viscera. 

{b) A greater amount of water is retained in the body when it is absorbed 
by mucous membranes or given subcutaneously. 
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Other Agenciks 

Strychnin, alcohol, digitahs, camphor, counter-irritants have been 
discarded . 

V. The Acute Infections 

The principles enunciated in preceding chapters suggest the follo-\\ing 
interpretation and treatment of tlie fulminating mfections, such as spreading 
acute peritonitis, fuhninatmg osteomyehtis, violent wound iirfection, etc. 

The changes ui pulse, temperature, and respiration indicate the intensity of 
the defence which the organism is making against the invading infection. 

If the organism made no defence, it would perish ; on the other hand, if 
the organism made a sufficiently excessive defence, it would commit suicide 
in the effort to prevent the mvadmg micro-organism from destroying it. An 
animal maj' run so hard in flight from its pursuer as to defeat itself. 
The organism of the mdividual in the midst of an acute uifection is doing the 
equivalent of running a Marathon race. The first thing that is rec|uired, 
therefore, is to cut clo^^^a the dangerously excessive speed to a jDoint of safety, 
hut only in case there is danger of self-destruction . As we have seen, the one 
drug that has the power of control is morphin. Just as morphin hmits the 
drive of muscular action and of emotion, to the same extent does it limit the 
drive of infection. The value of morphm in an acute phase of infection is not 
due to any mfluence on the bacteria, but to its action on the brain. Therefore, 
the greater the violence of the infection, the larger tlie dose of morphin. In 
critical cases, it should be administered in repeated quarter-grain closes until 
the respirations are reduced to ten or twelve per minute. Lr these cases, 
however, it must be remembered that morphin interferes with the secretion 
of many glands ; it tends to desiccate the tissues at a time when large amounts 
of water are demanded. Therefore, when deep narcotisation with morphin 
is employed — which is only hi critical cases — large amounts of water are de- 
manded, for a double reason, — first, because the raging metabohsm of the fever 
demands a correspondmg increase in water ; second, because morpliin itself 
occasions the need of more water. Lr peritonitis, we usually give by Murphy 
drip as much of a 5 per cent, solution of sodium bicarbonate with 5 per cent, 
glucose as the bowel "will absorb ; and, in addition, we give subcutaneously 
from 2000 to 3000 cc. of normal saUne each twenty-four hours during morphin 
narcosis. As long as water is given by the mucous membranes or sub- 
cutaneously, there is httle danger of giving too much. By the combination 
of morphin to cut down metabolism, and water to facihtate elimination, the 
organism is remarkably safeguarded. In peritonitis, or in other acutely 
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grave infections, the morphin-water treatment rarely is required longer than 
forty -eight hours. 

Prolonged Injections. — In the prolonged infections, morphin is contra- 
indicated. It is indicated, in fact, as a rule, for only one or two clays in 
the dangerously severe, acute state. In prolonged infection, another set of 
problems arises. 

(a) Tlie metabohsm is higher than normal. 
{b) The appetite is usually impaired. 

(c) In consec[uence of the above, there ensue emaciation and anemia, 
discouragement, restlessness, insomnia. 

These states may be minimised, if not prevented, by putting these cases under 
the dietetic treatment of tuberculosis. Allow the patient to live m the open, 
e.cj. on the veranda, on the hiA\ii, in front of open windows. The monotonj' 
ma 3' be broken by removing the patient to another ward or to another part 
of the same ward, by diversion, by inspiring hope and confidence. If tlie body 
weight is not maintained, a tlierapeulic transfusion of blood may be given and 
repeated ff needed. This treatment has produced remarkably good results 
in many cases. The value of transfusion is not necessarily due to the fact 
that it makes good the loss of blood bj- hemorrhage, or that it supplies the 
lack of hemoglobin in the secondary anemia ; but the ' boost ' given by the 
new blood increases the internal respiration, \\ hich in turn increases the power 
of the electro-chemical mechanism, as is demonstrated in the patient by his 
increased confidence, his gain in strength, his sounder sleep, his increased 
appetite. Transfusion puts the patient's ' leg over the stile.' 



CHAPTER IX 

SUiMIMAEY 

In this volume we have presented summaries of researches in the laboratory 
■and in the clinic whereby we have attempted to arrive at a better understand- 
ing of the phenomena of activation, of exhaustion, and of restoration. 

We have foiuid that exhaustion may be produced hy an excess of, no 
less than by the want of thjToid or adrenal or brain acti\'ity. We have found 
that loss of Hver function, want of oxygen, want of cardiac power, want of 
normal vaso-motor action, of themselves, individually or in any combination, 
may predispose to or cause exhaustion. We have found tliat excessive emotion, 
exertion, injury, infection, loss of sleep, hemorrhage, or the injection of acids, 
ahke may cause exhaustion; and that, whatever the cause of exhaustion, 
certain basic phenomena are the same — muscular and mental weakness ; 
diminished adaptive metabolism ; increased respnation ; increased pulse 
rate ; sweating ; diminished reserve alkalinity, and in acute phases, increased 
H-ion concentration of the blood ; intracellular changes in the brain, the liver, 
and the adrenals ; decreased electric ctinductancc of the brain and increased 
electric conductance of the Mvcr. We have found that fundamental restora- 
tion occurs only during rest and sleep, aided by such measures as secure quiet 
and comfort and reassurance ; and that the processes of restoration may be 
aided by morphin, by heat, by fluids, and bj' measures that support and aid 
a faihng mechanism, such as the proper ventilation of the lungs, and blood 
transfusion. 

We have found that the acute exhaustion (shock) of surgical operations may 
be minimised or prevented bj^ blocking the field of operation with local 
anesthetics, or by preventing the response of the brain-cells to the stimulus 
of traumatic impulses by nitrous oxid anesthesia. 

We have concluded that the mechanism which produces the normal 
rhythmic alternation of consciousness and sleep is the mechanism whose 
alteration causes shock and exhaustion ; and that in accomplishing restora- 
tion from exhaustion, this factor plays its part whatever the cause of 
•exhaustion — whether emotion, exertion, physical injury, or infection, etc. 
We have concluded, moreover, that the action of this factor is governed by 
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the same law as that which governs the degree of exhaustion ; i.e. the degree 
of exhaustion produced by over-stimulation is proportional to the intensity 
of the stimulus multipMed by the duration of its application. This law holds 
true as well for the stimuli of normal untroubled consciousness as for the 
intense stimuli of acute infection or of extreme emotion ; for prolonged un- 
troubled consciousness and short intense exertion or emotion alike produce 
exhaustion. 

The cj'tologic plienomena, the ' time-multipUed-by-intensity ' law, and the 
rhj.'thmic alternation of consciousness and sleep — long rhythms for the centres 
governing voluntary activity , short rhythms for the centres of involuntary action 
— are in harmony with the h}rpothesis that electric energy is one form of kinetic 
energy mto which the brain-cells transform their store of potential energy ; 
and that this electric energy mediates between the central electric batteries — 
tlie nerve-cells — and the end-organs, by means of whose activity adaptation 
is achieved. That is to say, by means of electric energy the nervous system 
drives the muscles and glands to perform the various pliysical and chemical 
activities by means of which the organism meets the vicissitudes of life. 

Having thus ghmpsed an electro -chemical theory, we have sought further 
evidence in its support. We have taken as our criteria in these investigations 
our histologic findings, which seemed to suggest that the concentration of 
electrolytes was altered as a result of excessive activation or lack of normal 
rhythmic restoration, and the theory that electric conductivity is a measure 
of vitality. 

Of significance is our finding in experiments on rabbits that the con- 
ductivity of the cerebrum is liigher than the conductivity of the cerebellum 
except in the fettiM -Aivl tlic unconscious ncM'l^orn, and ur one instance in an 
imconscious patient, when this relation was reversed. 

In processes leading to exhaustion, the altered conductivity of the hver is 
more marked and appears more promptly than that of the brain. This finding 
gave added significance to our earlier investigations, in wlncli we found that 
excision of the hver is followed by a breaking down of the brain-cells, and that 
after decapitation, if hfc is maintained by the transfusion of blood and by 
artificial respiration, no histologic changes appear in the hver. These results, 
with the antithetic effects of exhaustion upon the conductivity of tlie brain 
and the liver, suggest that the liver plays a vital role in the function and tlie 
survival of the brain. 

We infer that the cytologic changes in the bram-cells are the result of a 
change in pcrmeabihtj' and of an intracellular acidosis. Biochemists have 
shown that all the cells of the body except the brain-cells possess withui 
themselves means of protection against acidosis. Li accordance A^dth the 
electro-chemical theory it would seem reasonable to suppose that acids in 
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the brain-cell serve a role in the creation of electric energj- comparable with 
the role of acids in the cells of a batterJ^ 

If the brain -cells constitute the driving electric battery of the organism, 
tlien they coidd not be hampered in their vital action by the presence of stores 
of inert matter for food or for jirotcction against acidosis ; and therefore 
the brain-cells depend for their ^irotection ii]ion the reaction of the surrounding 
fluids and the acti^^ty of other organs. We know that the hvcr, moie than 
any other organ in the body, possesses the power of sijlitting up acid by-pro- 
ducts. Therefore, as our histologic and conductivity findings have shown is 
the case, we would expect that tlie conductivity of the hver would varj- with 
the general activity of the body, and that in exhaustion its cells would become 
changed in appearance and in conductivit}'. 

It may be conceived that the function of tlie adrenal in the electro-chemical 
organism is that of a controller of oxidation. That the brain and the hver 
depend upon this function of the adrenals is indicated bj- the fact that adrena- 
lectomy Cjuickly produces in eacli the cj-tologic and conductivity changes 
characteristic of exliaustion. 

Since tlie thjrroid fabricates thyro-iodin, and since iodin increases pcr- 
meabihty, it woidd seem that the vital relation of the thyroid to adaptive 
basic metabohsm is the result of its influence on electric conductivitj'. 

The practical test of the foregoing hypotheses is in progress in the crucible 
of the clinic. By the practical application of these conce})tions in the Lakeside 
Chnic the mortality rate for bad risk patients has been uiarkcdl}- lessened and 
the range of operability extended. During the jDeriod between February 21, 
1919, and April 23, 1920 (as this manuscript goes to press), the mortality rate 
of bad risk abdominal operations, including 32 gastro-entcrostomies, 47 gall- 
bladder operations and 9 operations for cancer of the rectum, has been reduced 
to r2 per cent. 

During the same period the mortahty rate of 562 thyroidectomies has been 
0-S8 per cent.; this series including 300 thyroidectomies for exophthalmic 
goiter, with three deaths. 

With such e^-idence of the practical value of bio-physical methods of attack 
upon chnical problems, it would seem that with the extension of physico- 
chemical investigations, medicine may approach a place among the exact 
physical sciences, and the physician may attack his problems from the more 
secure standpoint of the physicist. 



A D D E N D U ]\r 

Following the lead offered ))y tlie fact that witli each degree of rise in tempera- 
ture elcctroh'tic conductivity is increased 2-5 per cent., since the iDrej^aration 
of this manuscript we liave initiated a research to determine, if possible, to 
what extent the observed changes in electric conducti"\'ity, especially in the 
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Fig. IKj. — Comparison of the Ellect on the Temperature of the Brain and Liver of 

A, Prolonged Kther Anesthesia ; 

B, Prolonged Nitrous Oxid Anesthesia. 



brain and the liver, have been attended by or have been the result of tempera- 
ture changes. Thus far we have studied seventy-nine animals in which the 
variations in the temperature of the brain and of the liver under varying con- 
ditions have been measured by means of especially constructed thermo-couples. 
While the results of these prehminary studies are considered as tentative, 
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since they must be confinned or disproved by greater refinements of technic, 
the follomng findings are so strikingly in accord with tlie findings in the 
previous researches heretofore sunniiarised in tfiis presentaticui, that we add 
the following supplementary notes : — 

1. In two animals under ether anesthesia alone tlie temperature of the 
brain and of tlie liver dechned steadily to the death point, and in all experi- 
ments under ether tlie tendency of the brain was toward a progressively 
decreased temperature. (Fig. 116 A.) 

2. In two animals under nitrous oxid-oxygen anesthesia alone the tern- 
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Fig. 117. — Coniparisun of the Etfect of Nitrous O.viil and of Ethur Anesthesia 
upon the Temperature of tlie Brain. 

As indicated by the chart, after continuous nitrous oxid-oxygen anesthesia for 
twenty minutes, the nitrous oxid oxygen was discontinued and ether substituted. 
Upon the return to nitrous oxid the temperature rose to nearly its level before 
tlie change to ether. 

Note the early rise in the temperature of the brain during the first five minutes of 
nitrous-oxid anesthesia corresponding with the period of excitement. 



perature of the brain and of the liver was maintained at or near the normal 
level, and in all experiments under nitrous oxid oxygen but little change in the 
temperature of the brain was noted. (Fig. 116 B.) 

3. In two normal conscious animals the injection of adrenalin produced a 
gradual rise in the temperature of the brain. 

4. In animals under ether anesthesia in thirteen instances the injection of 
adrenalin produced a marked rise in the temperature of the brain. (Fig. 117.) 

5. In animals under nitrous oxid-oxygen anesthesia in two instances the 
injection of adrenalin produced first a fall, followed by a slight increase in the 
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temperature of the brain ; in three a shght and delayed rise ; and in one in- 
stance the temperature of the brain remained unchanged. (Fig. US.) 

G. In two cases of acute iodism produced by tiie intro-peritoneal injection 
of iodoform, the temperature rise in the brain after the injection of adrenaUn 
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lis. — EffL'ct upon the Temperature of the Brain of the Intravenous 
Ailmiiiistration of Adrenalin. 

A, After sliiift ])cfi(i(ls (if cthri- and of nitrous oxiil anesthesia 

B, After prolijn;.;t.il ether ami nitious oxid anesthesia. 



was greater and appeared more promptly than that produced by an ecpial 
dose of adrenalin in the brains of two normal animals. 

7. In two experiments after adrenalectomy the temperature of the brain 
fell progressively until death, )>ut the temperature of the liver fell btit little 
below the normal point. 

S. In two experiments after hepatectomy the temperature of tlte brain 
fell progressively to the deatli iioiut, and the injection of adrentilin \\ as followed 
by no change in the temperature of the brain. 
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■9. In tliree animals winch had been redneed to shock by exposure of tlic 
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Fii;. ll'.l. — Ertect upon the Teraperatun; uf the Brain of Injecting Hot Water 
into the Stiiniaeh. 

In this animal aftei- exposure of tlie intt/stines and slioek-pnxiiieinLr nianipula- 
tions, hot water, .15 centigrade, "was injected into the stomacli l)y a. tuhe passed 
through the mouth. 

Note that in each instance the beginning of tlie increase in the temperature of the 
brain preceded an increa.se in the temperature of the liver. 
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Fii:. 120. — Effect upon the Temperature of the Brain nf Elevating the Feet. 

In this experiment the temperature of the brain was falliriL^ rapiiUy after hepa- 
tectomy when the animal was tilted head downward. The result, as shown in the 
chart, is in accord with clinical observations uf the results of the head down 
posture and of blood transfu.sion. 

intestines and shock-producing manipidations, tlic injection of hot water 
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into the stomach increased the temperature of both tlie brain and the hver, 
and the increase in the temperature of tlie brain seemed to appear more 
promptly than that in the hver. (Fig. 119.) 

10. In two experiments on which animals had been reduced to exhaustion, 
one after hepatectomj^, the other by exposure of the intestines and shock- 
producing manipvdations, the elevation of the feet produced an immediate 
increase in the temperature of the brain. (Fig. 120.) 
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tion of, 43. 

restoration of, 140. 
Cerebral cortex, I'hangcs following [jicjlonged 
insouniia, 4S. 

elcctrir stiundalioii of, i:il, 139. 

ner\'c-cidls of, 141. 

phcnouicna refcrabli; to, following resuscita- 
tion, 45. 

relation of nerve-cells and lihrcs of, 13!l. 
Cerebrum, projection tracts of, conncrtion \\\X\i 
lower nerve centres, 145. 

aTid cerebellum, ' ipaiativc electric con- 
ductivity of, 94-90. 
Chest, operations on, tcchnic of, 193. 
Chest wounds, causes of death in, 39. 

elicct' on liloctd-prcssmc and respiration, 15, 10. 
Chills, 109. 
Chloroform anesthesia, cell changes ilue to, 73. 

exha\istion and shock follo\\ing, 73. 
Chromatin, in lirain-cells, 41. 
Chromatolysis, 14s. 

of lirain-r.dK following tiauuiatic .-.ho^'k, 40. 
Circle of Willis, 1 1 7. 
Circulation, failure of, 014. 

as primary or se(;'ondar\' cause of cxhaustion,100. 

produced liy fat emboli. 104. 

resuscitation following, 43. 
Circulatory changes, cNhaustion and shock-pro- 
ducing eOects of tiaumatisin arid drugs 
e\idenced by. 0. 
Circulatory system, lelation to shock and cx- 

h.austion, 105-1 10. 
Clinical and laboratory tests. 4. 
Clinical phenomena, rlcclro-r|niiiir,il interpreta- 
tion of, 104. 
Cocain, cllert on lilood-pressnrc, 3s. 
Cold and wet. acidosis produn^d b\, 7tf 

exhaustion and slioik due 1o. 70. 
Colloidal solutions. 111. 
Concentration of the blood, 1 lo. 
Conductivity. S" Klcrtrir conductivity. 
Consciousness, 150, 201, 202. 

on \\ hat dcjicndent, 1 IS. 

oxygen in relation to, lOS. 
Convulsions. 153. 
Curare, action of, 54. 

Cyanides, sensitixcness (A the biain to, Its, 119. 
Cyanosis, treatment of, 195. 

Death, causes of, in traumatism, 39. 

during anesthesia, mechanism of, 175. 

following amputations, 185, ISC. 

following exposure of raw tissue to air, 1S5. 

mechanism of, in o\'crwdaelming lexers, 170. 

resuscitation following, 43. 
Decussation, 100, 161. 

of the brain and spinal cor<l, lOO. 
Defensive mechanisms, 123-125, 140, 105, 199. 
Deferred shock, LSO. 
Definitions, 2. 
Dendrites, 119, 140. 

arrangement of, 145. 
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Depolarisation, lilt. 

Diapliragm, cllrr-t of manipulations and trauma 

[if, (HI liIiiiiil-pveKsure and respiration, 17. 
Dlphtlieria toxin, diminislied conductivity of 
liiaiii liiUnwiii),' injections of, 97. 
ulK'i-t I'u luain, liver, and adrenals, 67. 
ett'ects compared with those of niorphin, 71. 
Disabled tissues and organs, bio-electrical re- 

[iri^anisation of, \~'l 
Drowning, resuscitai ion in cases of, 40. 

Drugs, etiects on hi l-iuessurc and respiration, 

26-3.'i. 
exhaustif.)n and slioek-inoilueing etiects of, G. 

Ear. electric conductivity of, \'i'J. 

electric stimulation cif mecharusni of. \'^'2. hSCi. 
Edema of brain-cells, 14S. 
Electric conductivity. 110. IM';. l.'.s, IV'.l, 2(14. 

adrenalin inereasin.i;, l-"'!', l-'i.'-l. 

body temperature in relation to, ICS, Kill, -2(14. 

chant;e3 in, evidence of exhaustion and shock- 
produeinf; elleets of various agents, 93- 
101. 
effect on temperature. '204. 

during anest hesi.i, 174. 17-"'. 

effect of acids and alk.dis on, '.IS. 

effect of aflrenalin and rnoi phiii on, OS, 99. 

effect of heat on, 184, ls,"i. 

effect of rest and sleep on, 99. 

in exhaustion and shock, 9:(. 97. l'-'7. 

iodin iTicreasine, 151. 

iodisru iner(.■asin,L-^ 9S. 

iodoform iMcre;isin,L% 90. 

measurements of, 172. 17!^. 

of brain, 94-100, 134. i:!7, bv.i, 17:t. 

of cells, 138, 139, 1.11. 

of gray and white matter, 9.', '.Ml. 

of malignant and benign tnnior^. 172. 

of nerve-cells, 177. 

of nerves, l.'>4- 1 39. 

' if \'olnntai y miisde, '.14. 

xilalit.N' lif organs in relation to, 1(11. 
Electric defensive mechanisms. 111. 
Electric energy. 1.31. l.">3. 
Electric stimulation, 7.'i. 

and brain action '■omparrd, 132, b3t, 1.3',), 

exhaustitjn and sliock following, 7.''-77. 

oi musrlr> and glands. 131. 142. 
Electricity, \~'.i. 

Electro-chemical aspects of amputations, is.")-ls7. 
Electro -chemical bases of restoration, 14s. 
Electro-chemical interpretation of clinical pheno 

mena. iiil. 
Electro-chemical mechanisms, 1 27 ■ 1 3>0. 

effect of liral. 184. 

eH'ect of opiinn on, 183. 

restoi'ation of, 179-181. 
Electro-chemical theory. 131. 143,202. 

of body aeti\il\', l.'.O, l.")S. 

of exhau.stioo. 131.143. 
Electrolytes, bit. 

Embolism theory of exhaustion and shock, 103. 
["tmotion, CO, d'l. 

blood-pressure irilbienced by, 121. 
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Emotion — conld. 

causing shock and exhaustion, 00-0.5. 
cerebral activity inliuenced by, 121. 
effect on brain-cell changes, 84. 
glandular activity in relation to, 00. 
with insomnia and exertion, e.inibined effects 
n br.airi, adrenals, and Iner. 89-92. 
Energy, brain a.s transformer of, 117, 131, 142, 
143, 1.3.5, 2112. 
elentne. 131, 153. 

exhaustion as the expression rif the failure of 
an electro-chemical mechanism for the trans- 
formation of, 130. 
nerve libres transforming, 133, 
transformation of, 131, 142, 155, bs3, 202. 
Energy-transforming organs, susii'ptibility to 

exhaustion, 117, 122. 
Enzymes. 124. 

Ether anesthesia, .and nitrous rixid, comparative 
effc'ts on brain-i-ells, 72, 
comparati\"e effects on temperature of brain 

and liver, 2(14, 205, 
contra-indications -mil limit.itions eif, I9S. 
exhaustion and shock follo\\ln;.^ 73, 170, 
in ri.lation to tr.iinua, 0, 41, 
ne.i ]i,ini.-m ot, 173. 

jihenomena obser\"ed durioL:. 170. 204. 
stages of. 173-17.">. 
Excision of organs, shoi-k and exhaustion follow- 
ing, 77. 
Exercise, eleetrie energy of. 179. 
Exertion, exhanstion and shork-produring effects 
of, 54-5',i. 
prolongfLl, effect on br.iin. adrenals, and li\'er 

of tish. 59, 60. 
\\"ith insomnia and emotion, toiubined effet'ts 
on br.ain. adrenals, and liver, s'.l.'.rj. 
Exhaustion, abilomirial operations in relatiiin to, 
bs7. 
acid excretion in Tirine in. Sib 
acidosis causing, 143. 

a I ait e, hydrogen -ion concent rat ion of blood in, 50. 
acute and chronic forms of, 151, 154. 
adrenals in relation to. 112.115, 152. 
.amputations followed by. 1S5.1S7. 
anesthesia in relation tie .3s, 73. 175. 
anoeiatirul in ])ie\iaition of, \\vl, 
blood Chan^rs ill, l(l!l. 

bl 1-pvessuiv in, IK.I, 121. 

lirain and iiei\ cms system in, 117. 121. 
laain-cell ehaiiL'es ii'n K.ls. p_>:i, 14s. 
earbon dioxid livalni.nt of, 1(U, 105. 
eaus.d factors, 1.3, 4(1. 54, 7(1, Ids, 110, 170. 
s\oiimary of, om _ 

eailsr .if death from, 4(1. 

cellular activity in. 123. 124. 

changes ii^ eleettic eonduc1i\ily of certain 

tissues in, 93-101. 
circulatory system in relation to, 105. 110. 
C(.mditions predisposing to, 155. 
comparison of elfeels of, in \arious species of 

aitimals, 82. 
dehnition and use of the term, 2, 3, 103. 
diaigs producing, (b 
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Exiiaustion — con Id. 

(luring operations, 3S. 
electric conductivity in, 127-120. 
electric stimulation causing, 75-77. 
electro-chemical theory of, 202. 
emotion causing, fiO-Oo. 
excision of organs causing, 77. 
exertion in relation to, 54-.')9. 
exophthalmic goiter in relation to, 171. 
following wounds, 2, SO. 
glandular activity in, .16. 
heart failure in relation to, 39. 
heat as a cause of, 184. 

hydrogen-ion concentration and reserve alkalin- 
ity as evidence of, 83-92. 
in warfare, 1. 

inceptive stage of, 143, 153. 
infections producing, 05, 170. 
insomnia a potent cause of, 46. 
intracellular process of, 123, 126. 
liver as primarj^ ca^ise of, 115. 
mechanism of, 2, 102, 123, 127, 143, 155, 201. 

electro-chemical hj-pothesis, 131-143. 

in overwhelming infections, 170. 
opium in, 183. 
phenomena of, 6. 

in injuries and manipulations of various 
organs and regions, 11-26. 
physico-chemical changes in, 126-130. 
post-mortem appearances in, 39. 
primary, inceptive stage of, 143. 
primary and secondary, causes of, 106, 109, 
111, 115. 

involvement of the brain in, 121. 
receptor mechanisms in relation t<\ 142. 
relation of adrenals to tlie lixer and brain in, 

112-115. 
reserve alkalinity during, 86. 
respirator}' system in relation to, 103. 
restoratiijn from, mechanism of, 149. 
susceptibilit^■ of energy-transforming organs 

to, 122.' 
theories of, 103, 105. 
thj-roid in relation to, 153-155. 
tissues and organs bearing no immediate rela- 
tion to, 102. 
toxins producing, 65-70. 
trauma causing, 6, 39, 40, 146, 147. 
treatment of, factors in, 155. 

kinetic theory of, 182. 

principles of, 170. 
various agents producing, 54, 56, 70. 
vaso-raotor mechanism in relation to, 35, 107. 
voluntary muscular system in relation to, 111. 
Exophthalmic goiter, 154, 167. 
brain-cell changes due to, 80. 
electric conducti\'ity of, 172. 
mechanism of, 171. 
mortalitj' of operations for, 203. 
nervousness in, 168. 
operative treatment of, 195. 
post-operative treatment of, 197. 
principles of treatment of, 171. 
Purkinje cell counts in, 81. 
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Extremities, injiMics to, cllVrls on blood 
and respiration, 25, 
operations on, techniijuc nf, 194. 
Eye, electric conductivity of, 157, 15S. 

injury and cnurlc^atiun cif, cllrcls on bh.od- 

jjrcssurc and rcspir.Ltioii, 12. 
mechanism of, clcrtric stinndatiou of, 132, 136. 

Facilitated conduction paths of the hrain, 179, 

ISO. 
Faraday's Law, ]'Mt. 

Fat emboli, rirculatory failure due to, 104. 
Fat embolism theory of exhaustion, 103. 
Fatigue, brain-ccU changes in, 40. 

mechanism of, 2. 
See also Exhaustion. 
Fear, brain-cell changes due to, 85. 
Feet, elevation of, cMcct cm temperature of the 

brain, 207. 
Fever, adrenal particip.ati<;in in, 166. 

adrenalin in relation to, 106. 

chills and, 169. 
I defensive mechanism in, 165. 
j dry skin in, 169. 

mechanism of temperature phenomena in, 168. 

mechanism of the action and production of, 
164. 

morjihin in, lf)9. 

muscles in, 160. 

operative treatment iluriiig. 104. 

participatirjn of the luaiu ni, lt)5. 

role of water in, 109. 

thirst in relation to. I'itl. 

tliyroid pai'tii/ipati'in in. 10,7. 

tri.'atmcnt of, priu''ipli.s of, 109. 
Foreign proteins, OS. 

collapse and death foUcoving excessive stinui- 
lation of, 170. 

injection of, 164. 165. 
Fractures, causing sliork ami exhaustion, 104. 

treatment of. 194. 
Fright, adrenalin reaction produced by, 00. 

i.-ansing sliock and exhaustion, 01-04. 

cell ''hanges due to, 01-0.",. s."i. 
Functions, return of, foll.j\ving resuscitation, 44. 

Genital organs, manipiUations and trauma of, 

efl'ect on blood-pressure and respiration, 23. 
Glands, activating, 152-155. 

electric stimvdation of, 131-133. 
Glandular activity, 149. 

during anesthesia, 174. 

etiect of emotion on, 06. 

efl'ect of opium on, 183. 
Glandular changes, following anesthetics. 74. 
Glycogen, diuiiijishcd, in exhaustion, 50. 
Golgi cell, 144. 

Gray matter of the brain, tOO. 
Gunshot wounds, causes of death from, 39. 

etfects on Idood-pressure and respirati'ui, 14. 

exhaustii)n phenruoena of, 14. 

Head, injury to, cH'cct on blood-pressure and 
respiratory rate, 11. 
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Heart, IHr.. 
arlicMi uf, 14!l. 

contact with, fH'ci-t on lilinwl-pressure, 17. 
effect of injuries nn liluotl-pressure and respira- 
tion, !.">, llj. 
ill nliiliiin to exlKLiistioT], Itlfi. 
post-mr.)itciu appearances of, '.VI 
Heart action, resuscitation of, VA, 44. 
Heart-failure, shock and c.xliaustion in relation 

to, -M. 
Heat, 184. 

effect on chemical |inircssrs of tfic hody, 184. 
role in production of shoe -ii ;ind cxhaiistii.in, 1,S4. 
Heat-stroke, l'.l7. 

exophthahnic goiter compared ^\ith, IftT. 
Hemorrhage, TO, 110. 

hldod transfusion in relation to, 4."). 
cell changes due t.o, 7'). 
exhaustion and shock due to, 7o. 
functional and lii'ain-cell elianges due to, 411. 
intravascular, 100. 
treatment of, 194. 
Henderson's acapnia theory of sliock and e.\- 

li.iusti(jn, lO."). 
Hepatectomy, eifrel on funetional arti\ity of the 
lirain, llo. 
(.■Ifeet on temperature of the l)rain, '2il(». 
Hydrochloric acid, effect on electrical conduc- 
tivity, 98. 
Hydrogen-ion concentration, 8)1, 118, 12;^. 
dining anest iicsi.i. IT-""', tT'i. 
factors increasing, S3, 8.'). 
in exhaustion and .shoek, 8:i-8,'i. 
increase in acute exhaustion, ~>Ck 
Hydrogen Ions, role in creation of enerL'\' witfiiii 

tlie cell, !■_>.-,, 
Hyperacidity of brain-cells, 4u. 
Hyperchromatlsm, i4s. 

eauses of, 77. 

of firain-cells, 40. 
Hyperpyrexia, following resuscitation, 4.'i. 
Hyperthyroidism, post - operative, control of, 
I'.l.T, I'.ir,. 

Infections, 0.1. 

acute, treatment of, 1!)9. 

acute and ehionie, 107. 

adrenals and thyroid in rt.'lalion to. ]00, 107. 

brain-cell activity in, 170. 

defensive mechanism in, f(i.'., 

mechanism of the, 104, 170. 

operative treafnu-nt- dm ing, f'.M. 

overwhelming, niei-hanisni of I'oUapse ;iiid 
death in, 170. 

principles of treatment of sIhmIv during, 170. 

prolonged, treatnu^nt of, 'JOd. 

role of morphin in, 1 09, 

role of M.-iler in, I S'J, 10!). 

ti'ansfnsion in, L'Od. 

tl-eatiilent of, principles of. I'.IO. 
Inhalation anesthesia, meeh.inisin of, 173. 
Insomnia, 40, l."d. 

Iiiain-c.dl ehanges following, 40.40, .50, 51. 

cereOial exhaustion in, IL'I. 



Insomnia — ronld. 

effect on electric conductivity of the brain, 99. 

potent cause of exhaustion, 46. 

prolonged, exhaustion-proflucirig eflect of, 40. 

with exertion and emotion, combined efleets 
on Ijrain, adrenals, and liver, 89-92. 
Intestines, operative manipulations of, effect on 

I ilood -pressure and respiration, 20. 
Intracellular activity, 123, 124, 125. 
Intracellular process of exhaustion, 123, 120. 
Investigations. nieifiod> eniplo\'ed, 3, 4. 
lodln, aoi Ion of, 107, 171. 

efecfrie rondiuUiv ity incre;ised by, 151. 

stimul;ition of output of, 171. 
lodln poisoning, 154. 
lodlsm, brain-cell ehanges due to, SO. 

increase in electric conductivity of organs, 
prorluced liy, 98. 
Iodoform, adrenal changes due to, 83. 

lirain-cell changes due to, 81. 

electric conductivity of \arious rugans and 
tissties increased b}', 90. 

increase in electric conductivity of various 
organs and tissues produced by, 90. 

liver-eell changes due to, 82. 
Iodoform poisoning, cell changes in, 154. 
Ions, ]iositive and negative, 134. 

Joints, opL-rafions em. etf'eet on bh.iod-piressure, 9. 

Kidneys, changes in eleetiie conductivity of, 93. 
Kinetic theory, 3. 

luaciieal applications of, in fieatment, 182. 

Laboratory tests, and clinical applications, 4. 
Larynx, manipulations and trauma of, effects on 

blooibpressure and respiration, 13. 
Leucocytosls, adreiuilin in relatiem to, 152. 
Llnollnic acid, 160. 
Liver, 202, 203. 

adrenals itillueneing, 112, 113. 

as primaiy cause rif exhaxrstieai, ) 15. 

cell changes in, 115, 110. 

following prrihinged insonmia, 49, 50. 
changes in eleetrie eonilueti\"ity of, 93, fio, 97, 

98," 110, 128, 202. 
coni|iarati\ e effects of ethei' ,'ind nitrous oxid 

on, 73. 
effects of adrenalin on, 70. 

etfects of combined stimuli of insomnia, exer- 
tion, and emotion lui, 8!)-',i2. 
effects of diphtheria toxin on, 07. 
effects of extreme exertion on, ~^r^. 50. 
effects of iodoform on, 82. 
excision of, shock and exhaustion following. 

70, 811. 
fnnetion.-d aeti\-ity of fa.-un influeneed by, 115. 
fnnrtions of, 115.' 

histologic eluuigi.-s ill, emotion causing, 03, 
manipulation of, exhanslion plienonien.i of, 21. 
oxidising and redueing pow ei- of. 1 10. 
su.sceptihility to acidosis, 115. 
temperature of, effects of prolonged ether and 
nitrous oxid anesthesia on, 20-1, 205. 
effects of adrcnaleetonu' on, 2fl0. 
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Lungs, excessive vent ilatiun nf.oausingsliiiel^, 1(1.1. 
in relation to shock and exli.iiistion, UYA. !().">. 
manipulations and trauma of, cllect on lilood- 
pres.siu'e and ri.-spii-ation, IT). 

Magnesium sulphate, 'A. 

Malignant tiunors, and benign, nieclianisni of, 
172. 

electric conductivity of, 101. 

treatment hy radiation, 17-. 
Memory, niechanisni of, ItiO. 
Mental activity, asphyxia intlncneinj,', 70. 

factiU's inlUicncing, 121. 
Mesenteric veins, clamping of, etlcct on hlood- 

pressurc and respiration, 20, 21. 
Micro-organisms. defcnsi\'c niechanistus against, 

ir,5. 

Morphin, CS. 
action of, 199. 

cyano.sis contra-indicating, 197. 
ettects of diphtlieria toxin compared with those 

of, 71. 
effects on electric condnctivity of tlic brain, 99. 
protective action of, fi.S, ;i9. 
in anaplijdactic slroclv, 68. 
role in infections, 10.5, 199. 
use of, 70. 
Morphin narcotisation, 194. U)."), 199. 
Muscles, blood-pressure in rel.ation to. 111. 

diininislied glycogen c<jntcnt in acute exhaus- 
tion, 56. 
division of, shock f(.)llov"ing, 1.S6. 
effect of injuries to, on eirenlation and respira- 
tion, 8. 
electric stimulation of, 131-133, 142. 
macerated, products of, 110. 
voluntarj", activity of, US. 

changes in electric conductivity of, 93, 94. 
in relation to shock and exhaustion. 111. 
Muscular activity, asphyxia inlluencing, 70. 
electric stiniidation of, 131, 142. 
in fever, 166. 
Muscular atrophy, raeohanisni of. 179. 
Muscular system, exhaustion of. 111. 
Myxedema, nervousness in, lO-s. 

Natural protection, ISs. 
Nerve-blocking, and spinal ancstlicsia, I'.H). 
in amputations, 1S6. 

prevention of exhaustion or shocli from trauma 
by, 122. 
Nerve-cells, as tran.sformers of energy, 133. 142, 
143. 
electric conductivity of, 177, 179. 
motor, 146. 
multipolar, 144. 
phylogenetic and r)ntctgenetic dcveh")pment of. 

137, 140. 
structure of, 144. 
Si^e nJ9o Cells. 
Nerve centres, lower, connection of projc'fion 

tracts of cerebrum with, 14.5. 
Nerve injuries, effects on blood-pressure, S, 10. 
Nerve supply, shock in relation to, 6, 2.5. 



Nerve tissue, ilh-rl of a|.plic-;il ion of Inral am-s- 

thclir^ (m, 33, 

Nerve trunks, injuries to, cll'crt on blood-])res- 
sure, S. 
physiologiral blorking by loral anrstlictics, 
33. 
Nerves, elertiic' c,,ii(birtivily of. 134. 13.S. 

electric slimnl.alion ,,f. 76. 131-143. 
Nervous impulses, ]).itbs of, 13.S. 
"^(ervous system, action of stryrlmin on, 178. 
action of tetanus toxin on. 178. 
and thyroid, and adrenals, reciprocal inter- 
action among, 171. 
electric stinndatiou of, 7.5, 131, 134-139, 142, 
fundamental units of, 137. 
in exhaustion ,ind shoi-k, 1 17. 
structuic of, 177. 
Nervousness, nieclianisni of, 168. 
Neurasthenia of war, 1,51. 154, 180, 181. 
ji Neurons, 137. 144. 

characteristics of. 177. 
I degeneration of, 43. 
V_elcctric conducti\ity of. 177. 
Nitrous oxid-oxygen anesthesia, adxantages and 
value of, l.'HS. 
alkaline reser^■e during. 87. 

and ether, com|iarati\e L'tlci.'ts on brain-cells, 72, 
204. 
effectsrai I cnipiuaturc of brain and li\-cr,204. 
for amputation-^. 181). 
influence on brain-cells. 122. 
limitations in use of. 19.S. 
mechanism and phcnomcn.a of. 176. 
protective nature of, 18.S, 1,S9, 191. 
resemblance to normal sleep. 50. 
restorative effects of, on exhaustion, 53. 
shockless operations with, 18S. 
technic of, 189, 190. 
Nose, operative nuuiipuIation< of, effect on lilood- 
jirLssurc and ics[)iratioii. 10. 11. 

Omentum, etfcct of niaoiijulation of. on blood 

])rcssutc ai-id icspirat ion. 21. 
Ontogenetic development of nerve-cells, 137, 

140. 
Operations, abdoniin.al. 192. 

application of principh's of anfM-i.ation in, 192. 

exhaustion and shock during, 38. 

on the chest, 193. 

on the extremities, 194. 

prevention of .shock during, 188. 

shockless, 3, 26, 35. 

through anooiation, 188. 
technic of, 190, 192, l!l3. 
Opium, 183. 

actioi\ of, 183. 

energy transformation coi-ii rolled by, 183. 

in exhaustion and shock, 1S3. 

therapeutic vabie of, 183. 
Optic nerve, electric stimufation of, 132. 
Organs, excision of, 77. 

exhaustion and shock lollowing, 77. 
Oxidation, iiroccss of, 138. 
Oxidation balance, 72, 33. 
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Oxygen, 1S3. 

notion (i[i respirator}^ rentrcs, 1S4. 

consciousness in relation to, lis. 

therapeutic use of, 1S4. 
Oxygenation of the Wood, 103. 

(Iclieient, clinical features of, 184. 



eciTiiluctivity of, 93. 
1 iiu blood-pressure 



aitput, GS. 



104. 
1 -24. 



103, 

lendrites 



Pancreas, rhange^ in ''leotri^ 
Peritoneum, injury {<:. elle 

and respiration, 17, 11'. 
Pharynx, manipulations and trauma of, effects on 

blood-pressure and respiration, \'2. 
Phosphates, and acidosis, 124. 
Phylogenetio development of mature nerve-cells, 

137, 140. 
Physico-chemical changes in shock and exhaus- 
tion, 13(1. 
Pituitrin, intra[ieritiiniMl inje^lii ins of. Imi. 
Plants, t.-lcri ric AMiialions in, activity i.it", 130. 
Polarisation, 14!l. 
Post-mortem appearances, 3!). 
Pregnancy, elfect on adrenal outp\it, OS. 
Protective mechanisms, 1'23, 1l'4, li.l, 140, 199. 

against iiitraf'ellid.ar acidity, 1-3, 1'2'k 
Protein, ili.i^estion of, l'J4. 

foreign, intluencin.t^ adrenalii 

injection of, 1G4, 165. 
Protein reactions, mechanism o 
Proteolytic enzymes, activity o 
Psychiatry, ISO, isl. 
Pulmonary causes of .shock and exhaustion 

1U5. 
Purkluje cells, arlioreal arrannnnent of 
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